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Dear City Official: 
In May, 1982, MTAS published the Local Government Public Works 
Standards & Specifications, a comprehensive document which provided a 
wealth of information to municipal engineering and design personnel. 
In order to make the document more usable and understandable by elected 
and appointed officials, it was determined that a supplemental com­
panion document should be produced to accompany the Standards & 
Specifications. 
The result is this publication, A Guide To Public Works Standards 
An Introduction to Local Government Public Works Standards & 
Specifications, which provides a basic conceptual foundation to the 
entire subject. It should be especially helpful to elected officials, 
planning commissions and administrators in understanding the need for 
and purpose of public works standards and specifications as presented 
in the original document. 
Mr. Frank Kirk, MTAS Public Works and Engineering Consultant, 
coordinated the development and preparation of this manual which was 
completed under a contract with Dr. Gregory D. Reed and Dr. R. Bruce 
Robinson, University of Tennessee Department of Civil Engineering. 
All University staff involved in the production of this publica­
tion are to be commended. It is hoped that, in concert, these two 
publications will provide you and your staff with a broad scope 
reference to public works standards. 
CLO:ljp 
� 
erman 
Executive Director 
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IS OPERATED IN COOPERA TlON WITH THE TENNESSEE MUNICIPAL LEAGUE 
INTRODUCTION 
The primary purpose of this supplement to Local Government Public 
Works Standards & Specifications is to inform elected officials, 
planning commissions and administrators of some of the important 
issues which must be addressed before adoption of the standards. 
These issues can be discussed with the technical staff to determine if 
local conditions dictate modification of the standards. 
This supplement will be elementary to the experienced professional 
planner. However, planners can use it as a aid in taking planning 
commissions through the review process. In addition, UT's Center for 
Government Training will be conducting workshops for local government 
officials. 
Planning commissions frequently do not have the benefit of a tech­
nical staff to assist them. Whether or not to adopt public works 
standards presents a dilemma. The decision is a difficult one and 
agencies responsible for enforcement of subdivision regulations and 
the construction and maintenance of public works and utility improve­
ments should carefully analyze proposed public works standards. It is 
important that the adopting agency clearly understand the content of a 
standards proposal and that it meets technical and political needs. 
Many cities do not have the technical staff available to analyze 
these standards as to their feasibility in the particular jurisdi�tion. 
Public works standards will never eliminate the need for the services 
of a professional engineer, who should review all plans submitted by 
developers to the planning commission. It is equally important that 
such plans be reviewed by a professional planner. 
It should be the goal of every planning commission to demand that 
every new development be an asset to the community and not a per­
petual maintenance liability. Many of the physical problems in cities 
today are the direct result of the lack of standards or of poor enfor­
cement of standards in past years. Th e absence of standards or poor 
enforcement will cause problems for the city in the future, causing 
unnecessary and, perhaps, unbearable financial burdens. 
The Municipal Technical Advisory Service has previously published 
a document entitled Local Government Public Works Standards & 
Specifications. This publication was distributed to Tennessee cities 
over 2,000 in population. The document contains three basic sections: 
1) Construction Standards and Specif ications; 2) Design Criteria; and 
3) Contract Documents for water distribution systems, sanitary sewer 
collection systems, streets and drainage. Th e intended purpose of 
this publication was to provide local government officials with speci­
fic basic regulations for all public works and utility projects for 
which the public agency might ultimately become responsible for 
maintaining. 
A number of workshops and meetings with planning commissions were 
conducted to stress the importance of including the standards in the 
subdivision regulations. The response was general agreement that 
better standards were needed, but the proposed standards were of such 
an extremely technical nature that full understanding and concensus 
was frequently not reached. 
Due to state regulations and a general knowledge of health 
requirements, almost all additions to water and sewer systems are of 
acceptable qual ity. This is not always true of streets and drainage 
facilities. A recent survey conducted by the National League of 
Cities revealed that streets were the number one problem facing cities 
today. By implication, drainage would be included, since drainage is 
an integral part of street construction and maintenance. There is 
general agreement that street and dra"nage standards can be improved 
to the betterment of almost all Tennessee cities. Without this 
improvement, the problem will worsen. 
It is sincerely hoped that pub1 ic officials in Tennessee will use 
these two documents for the betterment of the citizens of the cities. 
They will, indeed, make our cities a better place in which to work and 
live. 
A Guide to Public Works Standards--
An Introduction to Local Government Public 
Works Standards & Specifications 
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MTAS G ENERAL 
1.0 INTRODUCTION TO WATER , SEWER , DRA INAGE, AND STREET SPEC I FICATIONS 
Few peopl e wou l d argue that modern c i ti es  cou l d not exi st wi thout the i r 
i nvestment i n  prov i d i ng water , co l l ecti ng s ewage , drai n i ng stormwater , and 
buil d i ng streets. Th ese engi neeri ng works  are costl y and are expected to 
l ast a l ong t i me. With t h i s i n  m i nd and al so  con s i deri ng the vari ety of 
materi al s ,  engi neers , and c ontractors , i t  i s  v e ry i mportant for every c i ty 
to have  a s et of standard spec i f i cat i on s  govern i ng the  con struct i on of 
t hese  networks  whic h form the c i ty's c i rcul atory and nervous  sys tems. 
1.1 THE IMPORTANCE OF SPECIFICAT IONS 
Each  spec i fi cati on of the MTAS spec i fi cati o n s  has a reason for 
i nc l u s i on--many t i mes  ari s i ng from b i tter experi ence. These spec i fi cati ons  
have been  deve l oped for adopti on by c i t i es i n  o rder to  mi n i m i ze probl ems 
wh i ch  can cau se  expen s i ve repai rs and rehabi l i tati ons  bes i des v i gorou s  
c i ti zen protests. 
The reader w i ll n ote i n  the MTAS spec i fi cati on s reference s  to  other 
s pecifi cation s l i ke those  of the Ameri can Water Work s A s s oc i at i o n  or the 
Ameri can Soci ety for Te sti ng of Materi als. These  spec i fi cati o n s  are wi dely 
used i n  th i s  country and abroad and are formul ated by commi ttees compris ed 
of rep resentati ves from util i ti es , publ i c  agenc i e s ,  man ufacturers, engi ­
neers , and contractors. Th e compl ete set of MTAS spec i fi cati ons  inc l ud i ng 
references  t o  oth er organi zati on s has ari s en from experi ence and on l y after 
seri ou s de l i berati on. Th us , the mun i c i pal i ty s h ou l d be very cauti ou s  about  
al l owi ng dev i ati on s from thes e  spec i fi cati ons  and shou l d con s u l t  w i th i ts 
own engi neers , state offi c i al s ,  o r  MTAS adv i s ors before al l owi ng depar­
tures.  
1.2 GENERAL CHECKLIST 
T h i s section is i ntended to d i scu s s  po i nts i n  overs ee i ng a project 
wh i c h are common to al l types of u rban deve l opments cove red i n  the MTAS 
spec i f i cat i ons. 
(1) The p l anner , devel oper , and engi neer s hou l d preferabl y cooperate 
in ach i e v i ng the s ubmi s s i on and rev i ew of a proj ect. It;s very hel pfu l 
for the  engi neer and devel oper to d i scus s t he i r proposed proj ect wi th the 
city pl anne r  before any detai l ed pl ans  and spec i fi cati ons  are drawn up. 
Th i s g i ves  the p l anne r a chan ce to adv i se the  engi neer and deve l oper of 
the c i t i e s' requi rements and oth e r  spec i al con s i derati ons. It i s  oftent i mes  
difficul t to  bring about changes once the  engi neer has gone to th e effo rt 
and expense to prepare detai l ed p l ans and s pec i fi cati ons. 
(2) Does the p roject submis sion i nc l ude detai l ed plans as des c r i bed i n  
s ect i on 107 of the MTAS Spec i fi cat i o n s? 
(3) Do the proj ect spec i fi cat i on s  descri be the al l owabl e materi al s and 
i nstal l ati on proced ures and do they agree w i th the MTAS Spec i fi cati ons?  
1 
( 4 )  Do a ny other agen c i es  s uch a s  t he Te nnessee  De pa rtment  of Publ i c  
Heal th of  the Te nnessee De pa rtment of Tran sport a t i on have to approve t he 
p roject? 
( 5 )  Do t h e  p l ans  and spec i f i cati ons  inc l ude prov i s i on s  for cont i nui ty 
of serv i ces d u r i n g  the  con s t ruct i on?  Th at i s , wi l l  peopl e be wi t hout 
water , sewe r ,  e l ect r i c i ty , s t reet access , etc . for u nacceptabl y l on g  t i mes?  
(6 ) Do  t he p l a n s  a nd spec i f i cat i on s  con s i de r  the o rder  that ut i l i t i es 
wil l be const ruct ed? Fo r exampl e ,  i t  mak es l i tt l e sen se  to d i g up the 
st reets i n  o rder  to i n sta l l the  wate r  ma i n s ;  t his unnece s s a ry expense  can  
be e l i mi nated by bu i ld i ng  the wate r  ma i n s  f i rst . S i mi l a rl y ,  i t  may be wise 
to grade the s i t e (i . e . deve l op the  f i n a l  su rface e l evat i on s ) before 
con struct i n g any ut i l i ty so  that s ome u t i l i t i es do n ot end  up too deep o r  
too s a l l ow o r  even s t i cki n g  out of t he g round . 
(7 ) Who wi l l  be responsibl e for i n spect i ng and  testin g  duri n g  the 
con st ruct i on? 
1.3 ROLE OF THE PLANNER 
Pl an n i ng  i s  a systemati c process  o f  b r i n g i n g  toget h e r  the many i nt e r re­
l ated components  of  goa l s ,  a l ternat i ves , res ou rces , pri o r i t i es ,  and  coo r­
dinati on . The p l a n n e r  i s  t hen  t he "c l e a r i n ghousell to e n s u re that  the fina l  
proj ect wi l l  meet a l l the n eed s  of  t he commun i ty as  eff i c i ent l y  as pos s i ble 
and  w i thout con f l i ct i ng  w i t h  oth e r  s e rv i ce s . Plan n i n g  is nece s s a ry at a l l 
level s of act i v i ty and s hou l d  be u pdated conti nua l l y .  P rel i mi n a ry pl a n s  
s houl d def i ne the gen e ra l  obj ect i ves  o f  the project . Fea s i bi l i ty pl a n n i n g  
with  a des i gn e r  det e rmi nes  whi ch  a l te rn at i ves wi ll b e  us ed a n d  wh i ch 
d i scarded . F i n a l p l a n n i n g  deve l ops the  det a i led des i gn c r i t e r i a t o  i mpl e­
men t the con st ruct i on .  Any c ha nges  i n  t h e  pl a n  at this point shoul d be 
coord i nat ed care fu l ly wi th  t he des i gn e r . 
To better  en su re a s ucces s ful proj ect that meets the need s of the com­
mun i ty and i s  unde rstood by t he commu n i ty ,  t he pl a n ne r s houl d coo rd i n ate 
each of the  fol l owi ng  i tems w i t h  the  des i g ner: 
(1) St atement of  goa l s a nd obj ect i ves . 
( 2) Back g round  i nfo rmat i on and  c at al og  o f  ex i st i n g d ata.  
(3) De ve l opment of  t he project  pl a n . 
( 4 ) Impl ementati on  of  the  project pl a n. 
(5) In form a nd i nv ol ve the publ i c  t o  ga i n bette r accept n ce and 
u nde rs tand i ng. 
(6 ) Ev al uate the  effect i ve ness  of  the  proj ect after  i t  i s  used . 
The p l anne r a nd the  desi g n e r  s hou l d  work t oget he r  i n  o rde r t o  d raw on  
the exper i ence a nd knowl edge t hat each can bri n g  t o  the  proj ect . The 
pl a n n e r  poi nts to t he ta rget; t he des i gn e r provide s the tec h n i ca l  mean s  of  
hi t t i ng  i t . 
1 .4 ROLE OF THE DES I GNER 
The designe r  i s  respon s i bl e  to take t he goa l s a nd  obj ect i ve s  p rov i ded 
by t he p l a n n e r  a nd devel op  t he best tec h n i cal  so l ut i on to  i mpl e me nt t h em .  
The des i gn e r  s hou l d  i nvest i gate  a l l feas i bl e  so l ut i o n s  and ev aluate the 
advantage s  a nd d i s advant age s  of  each . If no  c l earl y  supe r i or  al t e rnat i ve 
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i s  avai l abl e , the des i gner shou l d  c on sul t the p l anner for a val ue judgement 
of wh i c h  of the feasi b l e soluti ons i s  p referabl e . 
T he d esi gne r must consi d e r  many types of  i nfo rmati o n  to formul ate the 
fi nal tec h n i cal sol uti o n . I n formati on  i s  n eeded i n the a reas of geol ogy , 
meterol ogy , ex i sti n g  or  p l an n ed uti l i ti es ,  l ocati on re l at i ve to oth e r  p ro­
j ects , resources , p l ant and an i mal  l i fe ,  and the pecul i ar character i sti cs 
of the p roj ect s i te .  The more of thi s  i n fo rmat i o n  that the  des i gne r has 
access to , the better w i l l  be the ove ral l q ual i ty of the p roj ect . 
The d es i gn e r  can and shoul d p resent to the p l an ne r an esti mate of the 
rel ati onship of c osts versus benefi ts for  any major des i g n alternati ve . 
Th i s  i nfo rmat i o n  wi l l  aid i n  the  dec i s i on mak i n g process . Al l commu n i t i es 
are faced w i th the prob l em of l i m i ted resou rces . It s houl d be the com­
munity that dec i des  whether a proje ct a l ternat i ve i s  worth the cost , not 
the des i gn e r  a l one . 
1.5 CONSTRUCTION STANDARDS 
The f i rst secti on of the MTAS "Lo ca l Go vernment Pub l i c  Works  Standa rds 
and Spec i f i cati on s" i s  a deta i l ed l i sti ng  and d i scussi o n  of the standards 
and procedures that mak e u p  a good con structi on proje ct . The goal of 
fo l l owi n g  these  procedures i s  a u n i forml y good q ual i ty fi nal product fo r 
the commu ni ty .  These standards o r  s i mi l a r standards shou l d  be sp ec i fi ed at 
the beg i n n i ng o f  the proj ect so that both the des i gner and the p l anne r have 
a common  bas i s for how the constructi on w i l l  be conducted . 
Wh i le the  d etai l s  of  th i s  s ecti on are o f  most use to the  desi gn e r, i t  
i s  good p racti ce  for the p l an ner to scan the secti ons t o  become fami l i a r  
w i th the ty pe and extent of con structi o n  practi ce and how a l l the com­
ponents f i t  together to form a f i nal product .  There are a l a rge number of 
detai l s  that have to be con s i dered ahead of ti me .  A g u i de such as t he one  
p rov i ded by  MTAS can  prove i n val uabl e as a resource to  the p l an ne r as wi l l 
as  the designer. 
1.6 CO NTRACT DOCUMENTS 
It i s  good p racti ce to have al l agreeme nts and subsequent changes i n  
wri ti ng .  Because the projects require a great deal of detail and can span 
seve ral month s, memor i es cannot hope to keep up w"th al l the i ndi vidual  
detail s .  Th e l ast secti on  of the MTAS "Local Go ve rnment Pu bli c Works 
Standards and Spec i f i cati ons" g i ves examp l e  doc uments and desc r i pt i ve 
informati on on the types of 'doc uments that shou l d  be used i n  conjun ction 
w i th the p roject. Th e p l an ner shoul d review these documents to develop an  
u nde rstand i ng of the  form that the project wi l l  take and  the  ti mi ng of 
the i r use . A system of documents s houl d be a standard operati n g  p rocedure 
of  any p roj ect . 
3 
MTAS WATE� 
2.0 WATER DISTRI BUT ION SYSTEMS 
2.1 GENERAL 
The prov i s i on of wate r free of harmfu l contami nants and i n  p l enti fu l 
quanti ty i s  es sent i al to modern  soc i ety . The ave rage Un i ted States citi zen 
i s  respon s i b l e  for the con s umpti on of about 165 gal l on s  each day from mun i ­
c i pal  wate r systems . Al thou gh d ri n k i ng wate r i s  res pon s i b l e for part of 
thi s d emand ,  far greate r demands are cau sed by oth e r  domestic wate r uses 
su ch as  l aund ry , bathi ng, l awn and garden water i ng , and to i l et fl u shin g  and 
by i nd u strial and comme rc i a l  u ses . Fi re fi ghti n g  and system fl ushi n g  by 
open i n g  hyd rants cau se fu rthe r demands . F i nal l y ,  wate r wi l l  be l ost 
through p i pe l eak s s i nce a l l  wate r systems l eak to s ome extent . Actual 
wate r u se i n  any one  c i ty wi l l  depend on  a n umbe r  of factors i ncludi n g  the 
popu l ati on , c l i mate , standa rd of l i v i n g ,  types  of i ndu stri es ,  cost of 
water , system mai ntenance , and so fo rth . The best s ou rce of i nfo rmati on 
to determi ne the total wate r demands for a s pec i fic c i ty i s  from that 
c i ty's reco rds of wate r pump,age ,  whil e esti mates ,of water demand fo r spec i ­
fi c devel opments w i l l  come f rom oth e r  sou rces of �nfo rmati on such as 
Secti on  103 of the MTAS Spec i fi cati on s . 
A wate r sy stem i s  composed of seve ral components i n  o rde r to get the 
aforementi oned water  demands ' to the r i g ht p l aces , at the r i ght ti mes and at 
the r i ght p ressu res . Th e e n g i nee r i s  res pon s i bl e  for prov i d i n g  a sati s­
factory des i gn of thes e  components i n  o rde r to ach i eve the goal s just 
c i ted , h owev e r , i t  i s  sti ll worthwhi l e  fo r the p l an ne r to u nderstand what 
con sti tutes a compl ete wate r system. The compone nts of a wate r system are 
l i sted be l ow and the i r fundamental purpo se  desc r i bed . The reader  shou l d  
reali z e  that thi s des c r i pti on  i s  g reatl y conde n sed s i nce the re are enti re 
textboo k s devoted to eac h top i c .  
( 1 ) The f i rst component i s  the raw wate r sou rce wh i ch can be g rou nd­
wate r (i . e . a wel l o r  spri n g) o r  a s u rface wate r (i . e . a r i ver , l ake , or  
re se rvo i r) . I n  many parts of the country , g roundwate r has ad vantage s  com­
pared to s u rface wate r i n  te rms of re l i ab i l i ty of s u p p l y  s i nce i t  wi l l  not 
d ry up as q u i c k l y  as s u rface wate rs d u ri n g  d rou ghts and eas e of treatment 
s i nce the g rou ndwate r tends  to get fi l t e red as it pas ses through the so i l .  
Howeve r ,  i t  may be mo re di ff i c u l t  to fi n d  and devel op . 
(2) Pumps w i ll gene rall y be u sed to get the wate r from the raw wate r 
source to the treatment p l ant . Ad di ti onal pumps wil l get the wate r f rom 
the treatment p l ant to the po i nts of u s e  and to the vari ous  storage res e r­
voi rs • 
( 3) Th e t reatment p l a nt w i l l  remo ve undes i rab l e contami nants from the 
raw wate r s uch as d i rt and  b acte r i a i n  o rde r to p roduce a c l ea r, safe 
wate r . 
(4 ) The wate r  system wi l l a l s o  u s e  sto rage tan k s  which wi l l gen e ral l y  
be wate r towe rs  and g rou nd sto rage tan ks . Wat e r  towe rs whi ch are al s o  
cal l ed ove rhead sto ra ge tan ks  p rov i de a res e rve of wate r fo r pe r i od s of 
h i gh water demand  and eme rgency s i tuati ons  s u ch as a fire i n  whi ch the 
wate r treatment plant cannot p roduce wate r fast enou gh. Wate r towers store 
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water  at some he ight  abo ve g ro u nd , and a l t ho ug h  this is expe nsi ve, i t  has 
the ad va nta ge th at t he w ater  c an flow to t he use rs wit ho u t  t he necessity o f  
pump ing s ho u ld th e system s u ffe r  a power  fai lu re o r  pump b reakdown . G rou nd 
storag e ta nks which a re ge n e ral l y b u il t  o f  co n c rete at o r  s l i g ht l y  be l ow 
g round ca n s er ve the same p u rposes as wa te r towe rs , but  pumps a re re qui red 
to get t he w at e r  to flow f ro m  them . M any water  systems p ro vide bo t h  wate r  
towe rs a nd g ro u nd sto rag e with the wate r towe rs p ro v idi ng rese rve wa te r 
d u ring the no rmal peak wat e r  uses in  the day and g ro u nd sto rage p ro vidin g  
wa ter  fo r mo re e xt reme eme rgen ci es suc h  as f i res . Standp ipes a re anot he r  
type o f  wa te r sto rage st ru ctu re w hich  ca n fu nction as a wate r  towe r o r  
g round s to rage ta nk depe nding upo n t he sit ua t i on . 
( 5 ) W at e r  mai ns a re t he pipes t h ro ugh wh i ch t he wate r f l ows to t he 
co ns umers a nd sto ra ge tanks . These a re the subject of mos t o f  t he MTAS 
ma nua l sin ce t hey a re be i ng co nti n ua l l y  added to t h e  sys tem as new s u b­
d i vis i o ns and de velopme n ts a re b u i l t  a nd a re mo re  easi l y  reg u l ated by spe­
c i fi ca tio ns si nce the re a re not as ma ny comp l e x  op t i o ns as compa red to 
o the r compon ents . Th is  i n  no way mea ns they a re a ny l ess impo rtan t , to be 
s u re .  W ate r  ma i ns a re pa rt o f  t he i nteg ra l  wate r system designed to get 
the wate r to the consume r o r  f i re in  adequate  q uan ti t i es and p ress u res upo n 
dema nd .  
2 . 2  MTAS SPECIFICATIONS 
Se ct io ns 1 00 a nd 0 2713 o f  the MTAS Spe c i f i ca t i o ns co ncer n themse l ves 
with wate r d is t rib u t i o n  systems. Ea ch spe c i f i ca t io n  i n  t hese sectio ns 
has a reaso n fo r be i ng t he re--ma ny t imes a ri s i ng f rom  b itte r  expe rie nce . 
These spe c i f i cat io ns have  bee n deve l oped fo r adop t i o n  by cities in orde r to 
mi nimi ze p rob l ems s u ch as t he fo llow i ng: 
(1 ) B reak age o f  the p ipes d ue to i nf e r i o r  mate r i a l s  o r  imp rope r 
insta l l a t io n . 
(2) Co r ros i on o f  p ipe  mate r i als and co nse q ue nt co lo red wa te r p ro b lems. 
( 3) E xcess i ve l eakage due to imp rope r i ns ta l l ation of  mate ri a l s  wh i ch 
may al low pip e c ra ck i ng a nd/o r co r ros io n . 
(4 )  Hea l t h  ha za rds f rom u na ccep tab l e p ipe mate ria l s, no t keepin g 
mat e ri a ls clea n d u ri ng const ru ct ion , i mp rop e r  c lea rance f rom sewe rs , o r  
poo r dis i n fectio n  o f  the const ru cted p ipe . 
(5) Inadequate p ressu res , flows , a nd fi re protection because of under­
si zed pipes , p ip e  b reakage , o r  co r rosion . 
Problems s uch as the abo ve o ften  ca use exp ensi ve repa i rs a nd re h abi l i ­
tat io ns besides v igo rous c i ti zen  comp l a i nts. 
Th e read e r  wil l note i n the MTAS Spec i f i ca tions refe ren ces to othe r spe­
cifi ca t io ns like those o f  the Amer i ca n  Wat e r  Wo rks Associa tion , AWWA , and 
th e Am erica n So c iety fo r T esti ng o f  Mat e r i a l s ,  ASTM . These spe ci fi catio ns 
a re wide ly used in th is co u nt ry and oth e r  p a rts o f  t he wo r l d  and a re fo r­
mu lated by comm i ttees comp rised o f  rep resentat i v es f rom wate r  utilities , 
ma nu fa ct u re rs ,  eng i nee rs , and co nt ra cto rs . The comp l ete  set o f  MTAS 
Speci f i c atio ns i nc l ud i ng refe rences to AWWA a nd ASTM has a rise n from 
expe ri en ce a nd o n l y  a fte r se r io us consid e ratio n . T h us, the m uni cip a l i ty 
shou ld be ve ry cau tious about a l low i ng dev iations f rom t hese spe ci fi ca­
tions and sho u ld  consult w i t h i ts state o ffi c i als , city wa te r wo rks e ngi­
nee rs , o r  MTAS advise rs f i rst . 
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Fol l owi ng i s  a discussi on of vari ous secti ons in  more detai l to exp l a i n 
their i mportance and consequ ences of al ternati ves. 
2.2.1 SEPARAT ION OF P IPED UTIL IT IES ( 02605 ) 
Since sewers ca ry contaminated wate r unfi t for d r i nk i ng and si nce they 
are al most al ways l eaky , i t  i s  very w i se to keep them separated from the 
water mai ns by some hor i zontal  d i stance .  Whe n thi s i s  not possi b l e, for 
examp l e  at c rossin g  poi nts , i t  i s d es i rable to separate the wate r and sewe r 
p i pes by some ve rti cal d i stan ce and tak e  further protecti ve measures to 
i nsure that sewage wil l not contact the water mai ns . Al though wate r mains 
are usually p ressur i z ed so that sewage wi ll not lea i n, si tuati ons can 
arise i n  an  und e rsi zed system whe re the pressure drops low enough to suck 
i n  pol l uted wate r. 
2.2.2 P I PE MATER I ALS ( 2. 01 a nd 2.02 )  
See  secti on 2.3.5. 
2.2.3 WATER SERVICE ASSEMBL I ES ( 2.04 )  
Water mete rs are used to measure the wate r consumed by each user so 
that an equ i tab l e  b i ll i ng can be made . Meters al so e rve to esti mate the 
total water actual y consumed by users in order to compa re wi th the water 
pumped from the water p l ant and thus to determi ne how much wate r i s  lost to 
p i p e l eakage . I n fe r i or met ers whi ch do not accuratel y  measure the wate r 
flow or deteri orate too fast wi l l  defeat the above goal s .  
Wat er ai n connecti ons and the associ ated cor porate stops must be pro­
perly mad e in ord er to minimiz e l eakage , and hence. are necessary to spe­
c i fy. 
2.2.4 VALVES (2.05 a nd 2 .06 ) 
See section 2.3.6. 
2.2.5 FIRE HYDRANTS AND BLOW-OFF HYDRANTS (2 .07)  
See secti on 2.3.6. 
2.2.6 INSTALLAT ION (3.01-3.04 and 0 2221) 
The new water mai n wi l l  p rov i de years of trou bl e free servi ce i f  i t  i s  
properl y  i nstal led . The trench bottom shou ld be  reasonabl y smooth so that 
the p i pe i s  not bridg i n g over wi de depressi ons si nce it ;s not desi gned to 
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do thi s. The b ackfi l l  shou l d b e  free of large rocks and  chunks of frozen 
earth and  should be compacted a round the p i pe to prevent excessi ve l oads on  
the p i pe from sett l emen t. The depth of bury of the p i pe shoul d b e  deep 
enough to avo i d freezi n g; the l oa ds of the p i pes from the earth backfi l l  
and street traffi c wi l l  det ermi ne the n ecessa ry p i pe th i ck ness. 
2.2.7 TESTING AND DISINFECTION ( 3. 0 5-3. 08 a nd 1 06 )  
A lea k age test on the n ewl y i nst a l l ed p i pe i s  a good i nd i cation whethe r 
i t  was bui l t  correctl y and  shoul d a l ways be done si nce once the p i pe  i s  
covered up , t here i s  n o  way to vi sua l l y  evaluate the work. 
Many ti mes the p i pe w i l l  p i ck up d i rt while i t  i s  be i ng bui l t. In 
order to assure that the water i n  the p i pe i s  fi t to dri n k , the n ew ma i n 
shoul d be d i si nfected pri or to pl aci n g  i t  i n  serv i ce. 
2.3 DESIGN CRITERIA ( 1 00 )  
Several  i mportant des i g n  cri teri a that the p l a nner shoul d a ppreci ate 
are d i scussed be l ow. 
2 .3 . 1  ENGINEER'S REPORT ( 1 02 ) 
The mun i ci pa l i ty must const antl y assess the i mpact of new developments 
i ncl ud i ng subd i vi si ons , shopp i ng cent ers ,  and  i ndustr i es on the exi sti ng 
water system a nd i ts a b i l i ty to provi de water to future deve l opme n ts. The 
c i ty must exe rc i se pla n n i n g  t o  e nsure that adequate wat er qua nti t i es and  
pressures wil l be  ava i l ab l e e i ther by buil din g n ew faci l i ti es ,  mod i fy i ng 
ex i sti ng faci l i ti es , or e ncoura g i ng  wate r use conservat i on. Some speci fi c 
quest i ons whi ch n eed to be asked a re: 
( 1 ) Wi l l  the water ma i ns i n  the proposed devel opme nt be l arge enough 
to ha ndl e the water n eeds of future devel opme nts beyond i t? If not , then 
new water ma i ns may be  requ i red l ater w i th co rrespond i n g  hi gh costs and 
inconve n i ence b ecause the constructi on wil l be  i n  a n  already estab l i shed 
a rea. An a l ternati ve woul d be to i ncrease the ca paci ty of the pumpi n g  sta­
t i ons but wou l d e ntail some construction costs ,  h i gher energy costs , and 
perhaps excessi ve pressures i n  some areas . 
( 2) W i l l  the new deve l opment overload the ex i st i n g  water system by 
demand i ng more water than the system can reason ab l y  sup p l y? Th i s  has 
occur red graduall y i n  many towns; t he town was "n i ckled a nd d i med" to death 
by smal l deve l opments each of whi ch d i d not draw much water. However , the 
accumulated demand  ove r seve ra l  years was very si gn i fi ca nt. The p l a nner 
shoul d a l so reali ze how a pol i cy of a l l owi n g  subst andard materi a l s  on sma l l  
developments can soon l ead t o  a system whi ch has a lot of substan dard 
mater i a l s .  
( 3 ) Re l ated to the previ ous i tem , the questi on shoul d be asked of how 
l ong w i l l  the present water facil i ties be adequ ate before major i mprove­
ments a e n eeded such as a la rger water treatment p l a nt or storage tan ks? 
Each n ew deve l opment  wi l l  use up excess capac i ty ;n the system and b r i ng 
the system c l oser to the day when i t  wil l be unde rsi zed . Peri od i c  eva-
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luat i ons of  t he e nt i re wat e r  system s hou l d  be  perfo rmed by a competent  
engi neer  to as sess  the need for  i mp rovements . 
(4) Last l y ,  what are the l ong  term cos ts of t h i s desi gn opt i on? The 
pl an ner s houl d apprec i ate t hat there are many des i gn opt i on s  fo r a spec i f i c 
water system i mp rovement . Un fortunatel y , too often the  opt i on wi t h  the  
l owest i n i t i al cost  i s  chosen w i t h  l i tt l e attent i on to  the cost over t he 
ent i re l i fe of the fac i l i ty .  Gene ral ly, t here i s a p remi um to be pai d i n  
te rms of h i g he r e ne rgy and mai nt enan ce costs by choosi ng t he cheapest 
i ni tial cost  wh i ch may soon coun t e rbal ance the  cost of a syst em wi t h  a 
h i ghe r i ni t i al cost . Th e e n g i neer shou l d  be ab l e  to expl ai n thes e t radeoffs 
on a p roj ect so  t hat the  p l an ner can make a dec i si on . 
2.3.2 SOURCE OF WATER  SUPPLY (103.1) 
Average wat er demand i s  n ot t he onl y i mpo rtant factor; al so i mpo rtant 
are the var i ati on s i n demand . The  rate of wat e r  use for a ci ty i s  not 
constant,  but rat her the rate of use wi l l  show peaks and vall ey s depend i ng  
on the t i me of  day , t i me of  year, and the c u r rent weat her . Fo r examp l e, 
the rat e of demand dur i ng  hot , d ry weather  may be mo re than twi ce the 
ave rage . The ti me of day from s i x  unt il n i ne may al so s how a h i gh rat e of  
demand because of  peop l e  p re par i n g for  work wh i l e  the n i ghtt i me hours may 
show l ow rates  of  demand . In add i ti on ,  f i ght i ng f i res wi ll requ i re very 
h i gh rates  of wat e r for relat i vel y s hort t i mes . Ob vi ous l y, the des i gner 
wi l l  need to  cons i de r  these factors  so  t hat everybody's water need s w i l l  be 
provi ded wi th  m i n i mum i ncon ven i en ce . 
2.3.3 F I RE  FLOW (103.3) 
An i mpo rtant mi ss i on of the  wat er system i s  the provlslon of fire p ro­
tect i on .  I n  fact, t he f i re f l ows u sual l y  control t he sy stem des ign si nce 
such  a h i gh water f l ow rate i s  needed to fi ght a f i re . Some systems do 
not have adequat e fire f l ow capac i ty i n  the i r systems and therefore suffer 
t he cons equences  of h i ghe r  prope rty l oss and t hus h i gher i n surance rates . 
2.3.4 PIPE S ZE (103.4 and 103.5) 
The m i ni mum p i pe s i ze al l owabl e i n  mun i c i pal wat er sy stems i s  6-i nches.  
Th i s  s i ze real l y  app l i es to water mai n s i n  s bd i v;si ons; l arge r s i zed 
feede r mai ns w i l l  be requ i red i n  the syst em i n o rder to get the wat e r  to 
al l are as.  An anal ogy can be pictured w i th st reet s ; t here i s  a m i n i mum 
wi dth for res i dent i al s t reets  but ce rtai nl y not al l s t reet s and h i ghways i n  
the c i ty can be t h at mi n i mum s i ze wi tho t se r i ous t raffic con gest i on on the 
mai n routes . The en g i nee r s houl d make some cal cul ation s to  i nsure that the 
p ropos ed p i pe s i zes can hand l e the expected wat er f l ow rat es i n c l ud i ng t he 
most ext reme . 
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2.3.5 PIPE MATERIALS (104 a nd 02713-2.01 & 2.02) 
The choice of whet her to use pol yviny l ch l oride pipe (PVC ) or ductile 
iron pipe ( DIP) is genera l l y  t he discres sion of t he city. Both PVC a nd DIP 
manu fact ure rs make cl aims of the  superiority of t heir products. A l thou gh  
some cities do not a l l ow PVC pipe probab ly  because t hey are more famil iar 
wit h D I P, the a ut hors, save  for t he recommendation in section 104.2 of the  
MTAS specifications, k now of  no  reasons why either ca nnot serve satisfac­
toril y if properl y designed a nd i nsta l l ed. The  deve l oper and pl anner 
should con su l t  the  l oca l wat er util ity person n e l  for their requirements and 
hel p. 
2.3.6 APPURTENANCES (105 a nd 02713-2.05, 2.06, & 2.07) 
Va l ves of  severa l  types are u sed in a wate r  distribution system. Gate 
va l ves  a nd b utterf l y va l ves are u sed t o  s hu t  off  t he f l ow of  water so t h at 
repairs can be made. Such va l ves shou l d  be pl aced frequent l y enough in the  
system so that when a wat er main break occurs, that part of  the system can 
be s hut off  wit h out  e l imin ating  service to  l arge areas. Usua l l y  two or 
t hree v al ves are provided a t  each pipe intersection. Pressure reducing 
v a l ves are used to l owe r the wat er pressure so that thin ner wa l l , l ess 
expe nsive pipe can be used a nd to  make cu stomer u se  more convenient.  
Typica l p l aces where such va l ves are u sed a re in hil l y  systems where the 
great e l e vation differences can cause high pressures in the  va l l eys. Air 
rel ease v al ves  are a l s o  used at times t o  e l iminate air t hat can col l ect a 
hig h points of  the  water system a nd t hereby choke off f l ow. 
Most peop l e real ize t hat f i re hydrant s are used to get l arge vol umes of 
water t o  a fire. An ot her import ant  fu nction for which a fire hydrant or a 
b l owoff is used, is  t o  provide a mea n s  for f l u s hing a system. 
Periodica l l y, water util ity person ne l  wil l open  the  hydrants in order to  
get a good flow o f  water t hrough  t he hyd rant a nd con n ecting water mains so  
t hat debris which sl owl y col l ect s can be  washed out of  the system. 
Hydran t s  are a l so u sed in more thorough pipe cl eanin g programs whereby 
scale is c l eaned o ff t he pipes. 
2.3.7 I NSTALLAT I ON AND TEST I NG (106) 
See s ection 2.2.6 a nd 2.2.7. 
2 .4 CHECKLIST 
Section 1.2 of this manua l  gives a l is t  of genera l items which are com­
mon t o  a l l p roject s  and which the  reader shou l d  con s u l t. The fol l owing  
check l ist  may be  u seful in overs eeing a water d i stribution system project: 
(1) Does t he project s ubmis s i on incl ude det ail ed pl a ns as pe r section 
107 of the MTAS Specifications? 
(2) Do t he s pecifications  describe t he a l l owab l e mat erial s  and do they 
genera l l y a gree wit h su bs ections 2 . 01 t hroug h  2.02 o f  section 02713 a nd 
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does the m i nimum pipe size corres pond to section 1 03 .4 o f  the MTAS 
specificati ons? 
( 3 )  Do t he p roject s pec i ficati ons include i nstallation p roced u res i n  
accordance wit h s ub s ecti on 3 o f  sect i on 0271 3? Of pa rt i cula r  i mportance to 
the f i n al acceptance by the  city of the con s t ructed p roject are s u b s ection s 
3. 05 a nd 3 . 06 on leakage tests and section 3.08 on disinfection. 
(4)  Ha s the  enginee r asses sed the wate r needs of t he  new development 
and whethe r  the p resent system can supp l y these need s? 
( 5 )  Ha s t he enginee r pe rfo rmed calcu ations t o  chec k whet h e r  the p ro­
posed water mai ns can ca r ry the expect ed fl ows and still maint ain adeq uate 
p ressu res? 
(6) Are t h e re enough  v alves to be a ble to i solate part s of the sy stem 
for repai rs? 
(7) Are hyd rant s spaced acco rding to section 1 05 o f  the MTAS 
speci ficati on s? 
(8) Does the  Tenne see De pa rtment of Pu blic Health need to approve the  
plans  and s pec i fications before bids a re l et? 
(9) Who wi ll be res ponsible for i ns pecting the new const ruct i on?  
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MTAS WASTEWATER 
3.0 1 WASTEWATER SYSTEMS 
3 .1 I TRODUCTION 
The his t o ry of was tewat e r  col l ection devices, bet t e r  k nown as sewe rs, 
goes back several t housand years. Se ve ral cities th roughout the  wor l d  have 
had sewe r systems of one kind or anothe r. The mos t famous of t hese were 
the s ewe rs of Roman howeve r. This is primaril y because of t he extensive 
written  records t hat have been p rese rved and al l ow us t o  s tudy the  sewer  
systems. Th e Romans  did not  u se s ewers fo r heal t h  reasons but  rath e r  as a 
method o f  car ryin g  mal odo rous waste away f rom t he homes of the  rich. 
It was not u ntil t he chol e ra epi demic o f  the  mid 1800's in Eu rope t hat 
the n eed for getting  human was te  car ried out of the commu nity in an o rga­
n i zed fas hion became important. It was du ring this chol e ra epidemic t hat 
the pu b l ic became aware of the  n eed for a safe d rin king  wate r  suppl y and 
t he need for removing human was te  material s. I t  was recognized t hat t he 
dis eas e o rganisms cou l d be sp read by contact with the human waste in t he 
open s t reet sewers that we re in cities of that day. London was the first  
city to o rganize a city wide s ewer system to  col l ect al l human was te  to  be  
di scharged outside of the  city. 
Litt l e  i s  known abou t  t he early sewe r systems in the  United States 
oth er  t han to say t hat iso l at ed , p rivate s ewers occu r red in easte rn cities 
from time to time. Th e l ate 1800's al so saw t he appl ication of city wide 
sewer systems i nto some o f  t he cities of t he United Stat es. By t h e  t u rn o f  
t h e  centu ry, o rganized sewe r sys tems wit hin city l imits had become a rapidl y 
g rowin g p ractice. I n  1980 more  t han 150,0 00,0 00 peopl e in t he Unit ed 
States  were s erved by a pub l ic s ewe r system of one sort o r  anot he r. 
Communities o f  a l l sizes whet h e r  v e ry smal l o r  very l arge n ow conside r 
public s ewer sy stems t o  be  of  a benefi t t o  t he heal t h  and wel l being  of 
their commu nity. Becau se s ewer sy stems are re l ative l y expensive to 
instal l ,  it is imparative t hat the  system s erve t e present  as wel l as the  
fut u re needs of  t he community wit h the l east n umber of  changes to  t he 
design. 
Gravity s ewe rs ( t hat is sewe rs t hat are l aid on a downward sl ope ) a re 
t he most common types of sewers. Th e sewers  of the ancient  cities we re al l 
g ravity sewe rs  and f rom t he records we can l earn abo ut  p roblems and mi sta­
kes that have been made. The record indicat es that if careful con s t ruction 
was n ot u sed, some of the sewers we re act uall y l aid in an uphill fash i on 
which meant t hat t he was tewate r wou l d  n ot f l ow th rough the  s ewe rs. Some of 
the s ewe rs  were laid wit h areas that tend to  t rap was tewate r  which al l owed 
for t he p roduction of fou l sme l ling gases  t hat wou ld leak out  of the  sewers 
and be a n uisance to the  community. Some of the  sewe rs we re buil t too 
smal l fo r  t he amount of wast e t hat was int ended t o  be car ried. Du ring  
pe riods of  peak u se t he sewe r cou l d  not handl e the  fl ow and the  f l ows wou l d  
bac up tryin g  t o  seek a way out of t he s ewe r system. This backup f l ow 
could eithe r occu r into t he s t reet o r  into  a basement  of a home or 
buil ding. 
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Th e s ewer system mu st be des i gned so  th at the p i pes  a re la rge enough  to 
carry the peak  flow that w ill occ u r  i n  that pipe anytime d u r i ng the des i gn 
peri od . Th erefore , the des i gn i s  based on an expected use patterns  both in 
the p resent and the futu re , a s  well a s  an e sti mate of the flow that may get 
i nto the p i p e d ue to leakin g joints that wi l l  develop over  a pe ri od of  
ti me. Th e leakin g jo i nts let g roundwater o r  su rface wate r d u ring ra i nf all 
events get into the sewer l i nes  a nd occ u py pa rt of i ts capacity. The most 
d i ffi cult p a rt of the  des i gn i s  th i s f i rst step of trying to estimate how 
m ch u se w ill be made of  the sewer and what the pea k i ng  condition s are. 
For th i s  reas on , some fai rly s i zeable facto rs o f  sa fety a re i ncorpo rated 
into the standa rd design practi ces . This may seem l i ke an ove rdes i gn i ng 
to the pla nne r who i s  not fami li a r  with the varab i li ty th at ca n occ u r i n  
the systems b ut actually i t's les s ex pens e and les s  of  a p roblem for the 
community i n  the long run to have t hese  capac i t i es p rovided for at the ve ry 
beg inn i ng . Most home owne rs  and land owners  in comme rc i al distri cts don't 
l ike to h ave the i r f ront yard s  torn u p  or the i ncon ve nience of the streets  
being blocked i n  o rde r to  p ut i n  new sewe rs at  some time i n  the futu re . 
For  the s ame reas on , a good mai nten an ce p rog ram i s  nece s s a ry in a ny 
sewer system. Th e ma i ntenance p rog ram con sta ntly check s  for defects or 
p roblems that a re develo p i n g  in the sewe r system and  see k s  to correct those  
before they cau se the  need for replacement of that sect i on  of the  sewer 
system. A good maintenance  p rogram can als o p rovide i nformation on whethe r  
a particula r  secti on  o f  the s ewer i s  i n  fact perform i ng prope rly o r  whether 
it has become ove r loaded because  of  develo pment of one  kind or  another. 
Th i s i nformation can  then be u sed to look a t  ch an ges in the system wi th u se 
rathe r than  waiti ng  for some problem to develop on  the su rface. The  
cheapest form o f  sewe rs a re g ra vity sewers , whe re the force  of  g ravity 
carr i es the flu i d  through  the p i pe l ine . In many commun i ti es ,  howeve r ,  there 
i s  no conti nuous  downwa d p ath that the sewe rs  can  follow to b r i n g  the flow 
f rom all p a rts of the c i ty i nto the wastewate r treatment plant .  Al l of the 
wastewater flow mu st get to the wastewate r treatment plant i n  o rde r to p ro­
perly tre at those  wastes  before they are put ba c k  into th e envi ronment , 
whethe r  i t  be a r i ve r o r  lake o r  s p read onto the la nd . For those  a reas  
whe re downwa rd flow would n ot tak e  the wastewate r totally to th e treatment 
pla nt , pump stati ons  have to be installed to li ft it 0 an adj acent a rea  
that wi ll flow downwa rd to the  wastewater treatment pla nt. However  because  
the flow of  wastewate r occ u rs 2 4  hou rs  a day , 7 d ays a week the pump  sta­
ti ons mu st also operate 2 4  h ou rs a day ,  7 day s a week to avo i d any p roblems 
wi th bac k u p  a nd o verflow of s ewage. It's i mpos s i ble to build a ny equ i pme nt 
that will never  fa i l. Th erefore , the n umbe r  of pump stat i ons  s hould be 
k ept to a mi nimum to avoi d p roblems of pump failu re . But the re wi ll be 
place s i n  almost every c i ty system that will req u i re some pump stations. A 
very care fully des i gn analy ses as  well as ope rati on and mai ntenance of  these 
p ump stat i ons i s  necess a ry to i ns u re a m i nimum of  p roblems . But eve ry 
planne r s hould keep in m i nd that pump stati ons  at one ti me or a nothe r in 
the i r l i fe may expe ri ence some p roblems that will lead to a bac k u p  or  
ove rflow of  sewage and p rope r pla nni ng for the  contin genc i es of how  to 
deal w i th those s i tuati ons  should be a p a rt of the communi t i es  pla n n i ng 
and ope rati n g  systems. 
Hi sto rically the re h ave  been two k i nds  of  sewer systems - -sep a rate  and  
comb i ned. Se pa rate systems a re des i gned to tra n s po rt domesti c or  human  
wa stewate rs only . Comb i ned systems were de s i gned to carry both sto rmwate r  
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as wel l a s  h uman waste . I n  more recent t i mes , c i t i es have p refe rred t o  
have s epa rate s ewe rs for the rea s on that sto rmwate r d o e s  not need to be 
t reated befo re bei ng  put i nto  a ri ver  or  st ream whe reas  domes t i c wastes  do . 
By h av i n g  two s ep a rate sy stems , the domest i c waste can be routed to a 
wastewat e r  t reatme nt p l ant before re l ease  and  the stormwat er  can  be routed 
through  t he n at u ra l  d ra i nage channe l s of  the commu n i ty .  The des i gn of the  
system t o  rout e the stormw at e r  throu g h  the d ra i nage system of the commu n i ty 
i s  covered u nd e r  t he s ect i on on  d ra i na ge i n  t h i s manua l . Therefore , the 
rema i nde r of t he d i s cu s s i on on s ewe r systems p l a n n i ng  and des i gn wi l l  be 
gea red to t he s epa rat e s an i t a ry sewe r  system.  
3 .2 PLANNING (203 )  
Any new p l a n s  o r  ext e n s i on s  o f  s ewe r sy stems mus t  b e  app roved b y  t h e  
Tenne s s ee Depa rtment o f  Pu bl i c  He al th  p r i o r  to  the i r i n sta l l at i on .  T h e  
des i gn e ng i nee r i s  res pon s i b l e  to  s u bm i t a l l des i gn c r i t e r i a a n d  s pec i fi ca­
t i ons  to s ee k  t he approva l  o f  the De pa rtme nt of  Pu bl i c  He al t h . T h e  Pu bl i c  
Heal th De pa rtment has a set of req u i rement s that t hey wi s h  to  see i n  a l l 
sewer syst ems . T h ey i nc l ude such  t h i ngs  as  exc l ud i n g  ra i nwate r  from roo fs , 
street s  a nd ot her  a reas  a s  wel l as  g roundwater  and  fou ndat i on d ra i ns  f rom a 
sa n i ta ry s ewer system .  T h e  des i gner  w i l l i nco rpo rate al l of these needs 
i nt o  t he des i gn . The  p l a n n e r  s hou l d  t hen wor k wi t h  the  des i gne r to  see 
what oth er  c ha racte r i s t i c s a re des i rab l e for th i s pa rt i cu l a r commu n i ty · s 
sy stem . 
3.2. 1 DES I GN P ER I OD (2 03 .2 )  
Sewe r systems shou l d be des i g n ed for t he u l t i mat e u s e  of  the a rea i n  
whi ch  they a re l ocated i n  a s  wel l as  the  a rea t h at i s  hyd rol ocal l y  upgra­
d i ent f rom t hem . Co ns i de rat i ons  s hou l d  be g i ven  to the  max i mum ant i c i pated 
devel opment and  type o f  devel opment i n  the a rea . Often a des l gn per i od of  
50 y ea rs i s  u sed for t he d u rab i l i ty of the  mat e r i a l s i n  the  p i pe a s  wel l 
a s  the e s t i mat e o f  the types of  f l ows f rom deve l op i ng a reas  that w i l l  go 
i nto one of t he systems . T h e  capac i ty of the  s ewe r l i ne then  i s  determi ned 
by the u l t i mate max i mum u ses o f  the  s ewe r sy stem a s  wel l a s  the  potent i a l 
for the addi t i onal  was tewate rs f rom t he comme rc i a l o r  i ndust ri a l  act i v i t i es 
and a real i s t i c e st i mat e o f  t he ma gn i t ude of  t he l ea k s  that mi ght occ u r  i n  
t he system . Ea ch  o f  these must  be ana l yzed w i t h  some j udgement i nvo l ved to  
determi ne t he potent i a l  for  c hange wi t h i n that commun i ty .  Some commun i t i es 
have a h i story of  very rap i d c ha n ge whi l e  ot h e r  commu n i t i es have  a h i story 
of very s l ow c hange ove r a per i od o f  yea rs . 
3.2 .2 D E S I GN BAS I S  (203.4 ) 
In o rder  t o  p roduce the tech n i ca l des i gn that res u l t s  i n  the  s pec i fi ca­
t i on s  of  p i p e s i zes and p i p e l oc at i on s , i t  i s  nece s s a ry to make est i mat es 
of t he amount  of wastewate r  t hat w i l l  f l ow i nto  the sy stem .  New systems 
a re norma l l y b a s ed on an a ve rage d a i l y  per cap i ta fl ow of wa stewat e r  that 
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is gea red to the type of act i v i ty i n  u se of t hat commun i ty. These numbers  
are then mult i pli ed by  peak i ng facto rs whi ch a re a met hod of est i mat i ng 
what t he max i mum rat e  mi ght  be at any g i ven poi nt and t i me. Most of t he 
t i me t he s ewer p i p e i s  f� owi ng  at a fract i on of  i t s capac i ty. But i t  i s  
those i n f requent per i ods , when t he s ewer has to f l ow at i t s peak capac i ty 
i n  o rde r to avo i d p roblems , that t he des i gn i s  a i med at. I f  the des i gn was 
n ot conducted i n t h i s manne r , the commun i ty would run  the  ri sk  of  the sewe r 
p · pes s u rcha g i ng and the f l ow bac k i ng  up  t h rough  manholes i nto  the  s t reet s 
or bac k i ng up  i nto  i nd i v i d ual baseme nt s . On ce t h i s type o f  a si t u at i on  
occu rs the  only way to co�rect i t wou l d be t o  go back  in  a nd to d i g  up  s ewer 
l i nes  and put i n  add i t i onal sewe r p i p i ng at a much g reater  expense  than  i f  
the p i pe had been s i zed l arge r when i t  was f i rst i nstalled. 
3 . 3 DES I GN  AND CONSTRUCT I ON O F GRAV ITY  SEWE RS (204 ) 
The des i gn o f  a g rav i ty sewe r system requ i res the k nowledge of  many 
i nterrel at ed p roblems that c an occ u r. On e of  those  i s  the  spec i f i cat i on of 
the m i ni mum p i pe s i ze. Clog g i ng of a sewer can cau se  se ri ous  nu i s ances  as  
wel l a s  damages wi t h i n t he s ewe r sys tem. Therefore ve ry small p i pe  d i ame­
ters wh i ch  a re more su scept i bl e  to c l ogg i ng are not u s ed i n  sewe r des i g n s. 
In mos t cases  a sewer wi ll n ot be les s  t han 8 i nches i n  d i amete r  no matt e r  
how sma l l  o f  a f l ow the  sewer i s  i ntended to carry. T h e  sewer li ne  must 
also be deep enough  so t hat i t  doe s not f reeze d ur i ng t he  wi nter  t i me and 
i t  must be deep enough  so that any s u rface loads , such as veh i cles that  
pass  ove r the sewer li ne , do n ot c ru s h  i t. 
S i nce g rav i ty sewe rs a re i ntended to  flow down h i ll by the  force of g ra­
v i ty ,  t he sewe r li ne mus t  be lai d  i n  a cont i nu ous downh i ll fas h i on , often 
at very smal l s l opes.  Keep i n  m i nd that t he s ewer l i ne does not have  to 
fol l ow t he c ontou r o f  the g rou nd. Ev en thou gh t he g rou nd maybe goi n g  
uph i l l  t he s ewer l i ne can b e  la i d  at p rogres s i ve l y  deepe r poi nts a n d  be  
mov i ng gene ral l y i n  a downward fas h i on t o  get t h rough  the h i ll. There a re 
s pec i f i cat i ons on the  slope a nd t he  ve l oc i ty t hat mu st be ma i nta i ned w i t h i n  
the  sewe r system u nde r all c ond i t i ons. There must be enou gh slope t o  
mai nta i n a m i ni mum veloc i ty t o  k ee p  the soli ds mov i ng t h rough  t h e  system s o  
that t hey d o  n ot b ui l d u p  and accumulate to  form a p l u g. O n  t h e  other  h and  
the veloc i ty must not be  t oo h i g h because  of t he abras i ve k i nds  of 
mate ri als that get i nt o  sewe rs would t end to then wear away at the  p i p i ng 
mate ri al . The des i gne r then has to accommodate all of these  res t r i ct i ons  
about the s ewe r system a nd c reat e a des i gn t hat wi l l  a l l ow i t  to funct i on 
p roperl y and at t he leas t cost. 
3 . 3 . 1  P I PE MAT ER I ALS ( 204 . 7 ) 
Many d i f ferent types of  natu ral as well as manmade mate r i als have been 
and a re be i n g  used for s ewer p i p i n g. Clay , t i le , conc rete , asbestos  
ceme nt , and p l ast i cs a re common mate r i als fo r sewe rs. Some of  them ,  s uch  
as conc rete , a re h i g hly su sceptable to cor ros i on f rom ch em i cals t h at a re 
formed i n  t he wastewat er. Ot he r mat er ials may have good st ren gt h  and 
corros i on res i stance cha racte r i s t i cs  but be mo re expense and req u i re more 
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effort in t he i nstall ation. The designe r s hould be  g i ven in formation by 
the p lanne r a s  t o  which of t he alte rnatives  of initial cost  of mate rials 
ve rsu s lon ge r term mai ntenance cost  for  u pkeep is desirable fo r each 
communi ty's met hod of  ope ration. 
Somet i me s  t he des i gner  wi ll c hoo se p i .pe  mate rials beca use of  the ease  
of  t hei r i ns tal lat i on. Some o f  the mat er i al s have jo i ning sy s tems whe re 
one pipe i s  connected to t he othe r  very ea sil y and qu i c kly. These pipes 
requ i re ve ry littl e t i me i n  t he t rench  to  put the  pipe in place. The u s e  
o f  t hese kin ds  of  mat e rials i s  becom i ng mo re common  a n d  can  c u t  the total 
cost of  a l abor  intens i ve install at i on of  sewe r  pipes. 
3 . 3 . 2  P I P E  BEDD I NG ( 204 . 8 ) 
Sewe rs s hould be designed to  p revent damage to  the pipe  d ue to  the  
s hift i ng of  t he g round  or  t he c ha n ge s  of loading t hat occ u rs on t he p i pe. 
The best way to  do t his is to i ns u re t hat t he pipe  is eq uall y s u pported 
a l ong  i ts  entire l en gth. Ju st dig ging  a t renc h  and putting a pipe in the  
ground  and t h rowi ng dirt on i t does  not g ua rant ee that  void s do not occu r 
at different pOint s  u nde rneath the  p i pe. Bedding mate rial wil l in s u re t his 
equal s up port and mini mize the  likeli hood of a failu re o f  a p i pe due t o  
some bending o r  c ru s h i ng  action. Th e u se o f  bedding  mat e rial wi ll p ay 
l arge d i vidends  i n  t he l on g  run in maint aining a p i ping  sy stem th at does 
not fa i l  d ue to structu ral b ending p robl ems . 
R i g i d  p i p e is t he most s u sceptable t o  these  k i nds  of  fail u res  and 
the refore s hould h ave the  g reatest care and attent i on to  i ts i n stallation. 
While t he addit i on of  this bedd i ng materia l may seem l i ke an u nnece s sa ry 
expense to  t he p l a nne r i t  is import ant  to unde rs tand it s pu rpose. The 
i n stal l at i on p rocedu res , alt houg h somewhat t i me cons umin g ,  a re nece s s a ry 
for a reliable final p roj ect. Flex i ble p i pe is les s  s u scept able to these  
p roblems and req u i res l e s s  c a re but s hould als o have a beddin g mat erial to  
i n s u re i ts lon g  l ife a pp l ication a s  wel l . The stand a rds  and s pecifications  
go  i nto detail for  t he va rious  c haracte r i s tic s that should be u s ed not  only 
in the bedd i ng mat e ria but a ll of  t he p i pe mat e ri als as well and  the  
de s i gne r  s hould abide by t he s pecifications or its eq u i valent  in p roducing 
a good d esign . 
3 . 4  MANHOLES  ( 205 ) 
S i nce the sewe r sy stem is p rima ril y  a gra vity system and is s u s ceptable 
to cloggi ng o r  damage , acce s s  points a re neces s a ry eve rywhe re th rou ghout 
the system . Th ese acce s s  points a re call ed manholes. Manhole s a re not hin g 
mo re than  a vert i cal tube that run s  f rom the  s u rface of the  ground down to  
t he pipe.  It is l a rge enou gh  for  a pe rson to climb into in  orde r to  con­
du ct ma i ntenan ce or inspection act i v i ties . The  s pacin g of manhole s  is 
determined p ri ma ri l y by the  len gth of t he cl eaning equipme nt that is 
ava i l ab l e  to  cond uct maintena nce and repair ope rat i ons  on t he sewe r l ines . 
Therefore , man hol es occ u r  in g re at n umbe rs i n  any gravity sewe r sy stem .  
The e xpense o f  all t hese man ho l es  wil l b e  a s i z able f ract i on of  the  tot a l  
p roj ect cost b u t  i t  i s  i mportant  t hat t he pl a n n e r  unde rst and that  wi t hout 
those manh ol es t he re wou ld be  no way s ho rt of  dig g i ng  u p  the s ewe r line  to  
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correct m i nor prob l ems t hat  occ ur from t i me to time. So i n  the l on g  run 
good s elective l ocation s  of manhol es  i s  much cheaper a nd much  l ess of a 
n uisance tha n not havin g the manhol es. The MTAS design criter i a inc l udes 
several pages  of drawin g s  of standard man ho l e con f i gurations th at are u sed 
i n  the s ewer systems. 
The v ariou s design specif i cat i on s  a nd req uirements of manhol es are 
g i ven i n  t he design criter i a book. The des i gner who fol l ows these specifi ­
cat i on s  i s  i nsuring a system that wi l l have a maximum opportunity for 
p roper ma i ntenance a nd operation a nd therefore l ong  life. Th ese ma nhol es 
because  of the i r l oc at i on i n  t he sewer l ine , o ften  become j unction points 
for a l l the v arious  sewers  that run together. The manhol e i s  a strategic 
poi nt i n  the overa l l sewer system. 
3 . 5 ACCEPTANCE TEST ING ( 2 06 ) 
The i nstall ation of  a s ewer l i ne requires tes ting pri or to be i ng  put 
i nto s erv i ce. Th i s  becomes  particu l ar l y  important s i nce the sewer l i ne is 
bel ow ground a nd c a n  not be seen a nd any defects in t h e  constru ction wou l d  
b e  hidden. The t es tin g of the fina l product shou l d  b e  a part of the  
con tract for the inst a l l at i on . The t es ting  wil l inc l ude a test of  the 
joi nts through some sort of pressure t est. The testing w i l l  a l so incl ude a 
test for the proper a l ig nment  of the pipe materia l . The  a l i g nment  chec kin g 
determi nes if t he p ipe i n  f act was l aid at t he proper sl ope and moves con ­
tinuously downh i l l  with no l ow point s in the pipe from one end of  the  sec­
t i on to the other e nd that wou l d t end  to trap wastewat er . The MTAS 
des i gned cri teria give t·he spec i fication s for conduct i ng these tests. A 
sewer insta l l ation that pa s s es a l l of these  tests  s hou l d  then give  many 
years of rel i ab l e serv i ce to the commu n i ty. 
3.6 PROTEC T I ON OF WATEH S U P PL IES ( 207 ) 
I t  seems obv i ous  t hat  there shou l d  be no physica l  con nect i on between a 
water  s uppl y a nd a s ewer syst em. Howe ver without carefu l contro l proce­
dures to  i ns ure that p i pe con nect i on s  are i n  fact connected to the right 
source s ,  thi s can  happen. There have been a few ca ses i n  this cou ntry 
where con tractors have con nected s ewer p i pes to water s upp l y systems w The 
contaminat i on t hat  resu l t s  from that c a n  be q u i te  massive. It i s  very 
i mport a nt that the  commu nity have a met hod of  ve rify i n g  the l ocation and 
type of a l l connect i ons and to enforce thi s very rigid l y .  To some it may 
seem a s  if  a b i t o f  hara s sment  or n uisance on somet h i n g  wh i c h  seems 
obvious but the dan gers from such a cross con nection are too great  to a l l ow 
a hap-haz ard type of system .  E v e n  w i thout the direct con nect i on there is 
stil l t he possi b i l ity of cont amin ation if the sewer pipes are too c l ose to 
wat er pipes . Sewer pipes will  t end to form l eaks with age which a l ways 
pres ent s a potentia l for ent ra n ce into a wat er p i pe even  if the probab i l i ty 
i s  l ow. It i s  better to be s afe  than  to be sorry , so there are specif i ca­
t i ons on where a s ewer pipe c a n  be l ocated re l ative to water p i pes. I n  a 
c i ty sys tem that has many p i pes  run nin g throu gh a p art i cu l ar l oc a l i ty ,  the  
l ocat i on of  a s ewer can  often  be a very res trict ed. Th e genera l specifi ca­
t i ons cal l for m i nimum horizont al and vert i ca l  separat i ons between a ny 
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wat e r  l i ne s  a nd t he s ewe r l i ne s . These s p e c i f i c at i o n s  s ho u l d be met at a l l 
t i mes even t ho u g h  at t i me s  i t wi l l  add t o  t he expe n s e  of t he sewe r 
i n s t a l l a t i on .  Th e hea l t h  con s i d e rat i o n s  o f  ma k i ng a b s o l ut e l y  ce rt a i n  t h at 
d i sea s e  o rgan i sms a re n ot t ra n sm i tted t h ro u g h  t he p u b l i c  ut i l i ty sy s tems 
a re t he o ve r r i d i ng f a ct o r  i n  t he s e  c a s e s . 
3 . 7 SEWER P LANS ( 2 09 . 2 )  
Bec a u s e  o f  t h e  i n s t a l l at i o n o f  a s ewe r sys t em re q u i re s n u me ro u s  e xact 
mea s u reme n t s  a nd l oc at i on p o i nt s ,  t h e re a re s e v e ra l doc ument s t h at m u s t  be 
p repared a nd k ep t  u p - t o- d at e .  T h e s e  d oc umen t s  w i l l  gen e ra l l y  be p l a n  
s heet s a nd b oo k s  o f  s pe c i f i c at i o n s . Th e p l a n  s heet s a r e  u sed t o  l oc a t e  
the h o r i zont a l  a nd v e rt i c a l  p os i t i o n o f  eve ry component of t h e  s ewe r 
system . I n  most c a s e s  t he s e  s heet s wi l l  i n c l ude a st reet map s h ow i n g  t h e 
l ocat i on o f  m a n h o l es , sewe r p i pes a nd c o n nect i on poi nts , a s  wel l a s , 
deta i l ed c ro s s  s ec t i on d rawi n g s  on e a c h  s e ct i o n of p i p e wi t h i n t h e  e nt i re 
sewe r system .  T h es e  d et a i l e d d rawi n g s  w i l l  be l a be l e d acc u r at e l y wi t h  a l l 
d i mens i o n a nd po s i t i on i n f o rmat i on s o  t h at not o n l y wi l l t h e  cont ract o r  k n ow 
exact l y  h ow t o  i n s t a l l t he s ewe r system b u t  the commu n i ty wi l l  t he n  h a v e  a n  
acc u rat e s et o f  rec o r d s  t h at c a n  b e  u sed i n  t he futu re t o  mod i fy o r  c o r rect 
p rob l ems t hat occ u r  i n  t he s ewe r sy stem .  Th e MTAS d e s i g n c r i t e r i a c a l l s  
for t hese det a i l ed p l a n s  t o  s h ow t he f o l l owi ng i n forma t i o n :  ( 1 )  T h e  l oca­
t i on o f  t he s t reet s a nd t h e  s ewe rs t o  be i n s t a l l ed a s  wel l a s  any p i pes 
that a re a l ready i n p l a c e , ( 2 ) t he l i n e o f  t h e  ground s u rface , t h e  s i z e ,  
mat e ri al , a nd ty pe o f  p i pe t o  be i n s t a l l ed ,  t h e  l e n gt h  between ma n h o l e s , 
t he el evat i o n s  o f  t he p i pe a s  wel l a s  t he su rface of t h e  g r o u n d , t h e  g ra d e  
( t h e  s l ope ) o f  t he s ewe r between t w o  adj a cent m a n hol es . Al l of  the man­
h ol e s  a re n umbe red on  t he p l a n s  s o  t h at ma n h o l es can be mat c h ed up wi t h i n 
a ny s ect i o n o f  t he t ot a l  sy s t em . Any except i o n s  o r  re st r i ct i o n s  on t he 
sewe r  sys tem s ho u l d be n ot ed i n  det a i l on t h e  p l a n s f o r  fu t u re re fe re n ce , 
( 3 ) l ocat i on s  o f  a l l s pe c i a l  fea t u res s u c h  a s  co n c reted i n c a s eme n t s  o r  e l e ­
vated sewe rs , d ro p  m a n h o l e s , a ny t h i n g wh i c h i s  o�t of the o rd i n a ry i n  t he 
sewe r sy stem , ( 4 ) a l l k n own e x i s t i n g s t r uctu res both above and bel ow g ro u nd 
wh i c h m i ght i nt e rfe re wi t h  t he p ropos ed co n s t r u c t i on ( F o r  exampl e ,  t h e s e  
wou l d i n c l ude wate r m a i n s , g a s  mai ns , s t o rm d r a i n s , et c . ) , a nd ( 5 ) spe c i a l  
det a i l d rawi n g s  made to s c a l e t o  c l e a r l y s h ow t h e  n atu re of t h e  de s i gn .  
The p l a n ne r c a n  a s s i s t  t h e  d e s i g ne r i n  c o l l ect i n g t h i s k i nd of det a i l 
by a cc umu l at i n g  t h e doc umen t s  a nd k nown i n fo rmat i on of t he c ommu n i ty s o  
th at t he d es i g n e r  w i l l  h a v e  t h e i n fo rmat i o n o n  h a n d .  I t  i s  e s s e nt i a l  t h at 
th i s  f i n a l  s et o f  p l a n s  go i nt o  a s  m u c h  det a i l a nd h a ve a s  much  exact 
n ume ri c a l  i n f o rmat i o n a s  p o s s i b l e .  Th e con s t ru ct i on d rawi n g s  a re t he g u i de 
for p l ac i n g t he p i pe i n  t he g ro u n d . Howev e r , d u r i n g  a ny con s t ru ct i on p ro­
j ect t h e re a re a l way s  p ro b l ems t h a t  come u p  t h at requ i re mod i f i c at i o n s  o f  
th e de s i gn .  Th e s e  mod i fi c a t i o n s  s ho u l d  b e  p u t  on t he ma s t e r  s et of des i gn 
docume n t s  a nd at t he end o f  t h e p roj ect t h e e n g i nee r s ho u l d  be a s k ed t o  
cert i fy t hat t he ma s t e r  des i gn docume nt s a re li as b u i l t . " These 
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li as b ui1 t "  s hould be t he exact s pecifications of  how the s ewe r system 
was install ed a nd i s  in pla ce in the  community. They become the reference 
documents for all  futu re activity. I f  these  documents  a re inaccu rate , then 
fut u re activities wi l l  be much mo re time cons umin g and much more expens e  
becau se t he next g roup  that  wor ks o n  t his system wil l h ave t o  s pend muc h of 
the time s ea rch i n g  o u t  all t he  missing l in k s  or the  mi s sing pieces of 
information. There is  not hing more f ru st rating or inefficient than  for a 
sewer c rew to  go  out into t he city to  do  maintenance or  ins pection on a 
sewer system and not be ab l e to  locate the manho l es becau se they we re n ot 
put in t he place th at was s hown on  t he design map. 
3 .8 CHECK L I ST 
( 1 ) Identify t he a rea to be served by the sewe r p roject. 
(2) Lo cate e xi sting utility s e rvices in the  project a rea . 
( 3 ) I s  a b uildin g code in place to p re vent con nection of foundation 
d rain s and roof l eade r s  to  the sanita ry s ewer sys tem? 
( 4 ) Does the  commu nity have an ins pection p rog ram to c heck new 
connections ?  
(5) Identify futu re l and u se t h rou gh  zoning so  t hat e timates  of 
wastewate r  flows can be mad e. 
(6)  What a re t he cost  versus  maintenance rel ation s hip s  of the sewer 
pipe mate rial ? 
( 7 ) I s  bedding mat e r i al being u sed in t he t rench?  I f  not , is it 
j ust i fied? 
( 8 )  Did all t he sewe r pipes  p a s s  testing? 
( 9 ) Is  a certif i ed s et o f  li as  built " d rawings  provided by the 
enginee r? 
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MTAS DRAI NAGE 
4 .01 DRAI NAGE 
4 . 1 GENERAL 
The s u bj ect o f  d ra i nage i s  h i g h l y comp l i cated and  often cont ro v e rs i a l . 
The pu rpose of  t h i s c hapt e r  i s  to  acqu a i nt t he p l anne r wi t h  the concepts  
and a l te rn at i ve s con nected w i th  t he des i gn a nd con s t ruct i on of  d ra i nage 
systems . It · s  recommended t hat t he reade r a l so  rev i ew the  boo k l et Sto rm 
Water  Man agement refe r red to l at e r  i n  t h i s c hapte r .  
T he re a re t h ree e s sent i a l  c ha racter i s t i c s  wh i ch must  be p rov i ded a round 
a ny d eve l opment p roj ect , n o  matter  how sma l l . Th ey a re d ra i nage - d ra i nage 
- d ra i n age . Whi l e  t h i s may seem a b i t f acet i ou s , i t  does i l l u st rate the  
i mportance  o f  good d ra i n age  p l a n n i n g . A l ac k  of  good p l a n n i ng can  negate 
a l l othe r f actors . Un fo rt u natel y ,  d ra i nage i s  o ften  ove r l oo ked a s  a 
"mi nor "  p rob l em . Howeve r ,  a s t rong  s umme r downpou r often reveal s how 
i mport ant t hat " m i n o r " p rob l em can  become i f  the  p rope r p l a n n i n g  h a s  n ot 
been pe rformed . It  i s  mo re e xpen s i ve t o  cor rect a d ra i nage p robl em a ft e r­
t he- fact than  i t  i s  t o  p rov i de the  p rope r system i n  the  begi n n i ng .  
Drai n age sys tems a re p ro v i ded for t he o rde r l y movement  of exces s wat e r .  
Thes e syst ems a re c at ego r i zed a s  e i t h e r  u rban  storm wat e r  dra i n age , h i g hway 
( or st reet s )  - d ra i nage , o r  l and  d ra i nage . U r ba n  storm d ra i nage col l ect s 
run off f rom sma l l d ra i nage bas i n s t o  p reve nt  pond i n g  of  t he wat e r  wh i ch 
m i g ht  cau se d amage o r  a n u i s a nce . St reet d ra i nage remo ves  st o rm wat e r  f rom 
t he t rave l ed way , c ro s s  d ra i nage whi c wou l d  f l ow ove r  t h e  st reet due  t o  
t h e  nat u ra l  d ra i nage patte rns  of  t he a rea ( u su a l l y  cont rol l ed wi th  c u l v e rt s  
o r  smal l b r i dges ) , a nd s ubsu rface d ra i nage to  remove excess  so i l wate r  
whi ch wou l d weaken t he road bed . La nd d ra i nage  i s  p rov i ded t o  remove 
excess  wat e r  f rom an a rea  t hat tend s to  rema i n t oo wet for the i ntended 
u se .  
To fu l l y  u nde r s tand d ra i nage p robl ems , t he concept of  the  hydro l og i c 
cy c l e mu st be mas te red . I n  Te nnes see , the s ou rce of  dra i nage wate r  i s  
p r i n c i pa  l y  ra i n fa l l . Whe n ra i n fa l l s  t o  t he  g round , some of  i t  soa k s  
i nt o  t he g rou nd , a p roce s s  wh i ch i s  ca l l ed i nfi l t rat i on .  Th e amo unt  o f  
i n f i l t rat i on d ep e n d s  u pon the  type of  so i l a nd cove r mat e ri al  a s  wel l as  
t he p reced i ng weat he r cond i t i on s . Some of  the  ra i n fal l cou l d evaporat e , 
depend i n g  o n  t empe ratu re a nd w i nd  vel oc i ty con d i t i on s . Howeve , t h i s i s 
u su a l l y  a n  i ns i gn i f i ca nt amo u nt d u r i ng  runoff  p roduc i ng  storms . 
Ev apo rat i on t ough  p l ants  a l s o  occ u rs but  i s  i ns i gn i f i c ant d u r i n g  storm 
event s .  The  port i on of  t he ra i n wh i ch does n ot s oa k  i nto the  g round , eva­
porate , 0 et t rap ped i n  a depres s i on f l ows downh i l l  a s  runoff . 
I f  t he g ro u nd s u r face becomes i mperv i ou s , t hat i s , i t  w i l l not a l l ow 
water t o  s oa k  i n , t hen a l a rge r p o rt i on of  the ra i n  becomes ru noff . The re 
a re p r i ma r i l y  two way s  the g round  can  become mo re i mpe rv i ous . The  g round  
can  b e  c ove red w i t h  s u rface s t h at do n ot a l l ow wat e r  to  pa s s  th rough  to  the  
g round s uch  a s  bu i l d i ng s , s t reet s , and park i ng  l ot s . I n  addi t i on ,  the  
runoff  r eache s t he d a i nage c hanne l s muc h fas t e r  because  the  smooth  i mpe r­
v i ou s roof and pavement  su rfaces do n ot ret a rd the runoff  f l ow as  much as 
t he rou g h e r  natu ra l  g ra s s  a nd fores t cove r . The e nd res u l t i s  t h at mo re 
wat e r  i s  d umped i nto t he  d ra i nage channe l s i n  a s ho rt e r  pe r i od of  t i me .  I n  
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oth e r  words , more u rban  devel opment p roduce s  g reat e r  runoff  f l ows even  for 
the s ame ra i n s torm .  Th e ot her  way i s  for  t he g round to be satu rated w i t h 
wat er f rom a p rev i ou s ra i n s to rm .  Th e so i l can  n o  l on g e r  accept mo re wate r  
s o  i nc reased runoff  res u l t s . Th e ra i n fa l l f rom the  s econd storm wou l d p ro­
duce a h i ghe r pe rcentage of  r u noff  than d i d the f i r st . 
The bas i c p h i l osophy a p p l i ed to  t he des i gn of  storm d ra i nage fac i l i ­
t i es , fol l owed i n  t he past  a nd s t i l l  w i de l y p ra ct i ced today , i s  to  col l ect 
as  much  storm wat e r  runoff a s  pos s i bl e  a nd rap i d l y d i scha rge i t  t h rough  a 
system o f  p i pes  to  t he nea res t  out l et . 
Neve rthe l es s , i t  h a s  become a p p a re nt that i n  many i n stances  we have  
ended u p  c re at i n g  n ew p rob l ems , wh i ch  n ow may bec ome very d i ff i cu l t  a nd  
expen s i ve to  s ol ve . 
The maj or  p robl ems t hat h ave been c reated can be s mma r i zed as  fol l ows : 
( 1 ) Hi gh pea k  f l ows i n  storm s ewe rs  a nd st ream wh i ch requ i re l a rge r 
fac i l i t i es at  h i ghe r  cost ; 
( 2 ) Lowe r i n g  o f  wate r t ab l e s , w i t h  a det r i men t a l  effect on e x i st i ng  
vegetat i on ;  
( 3 ) Reduct i on i n  b as e  f l ows i n rece i v i ng s t reams , e ffect i ng aquat i c 
l i fe ;  
( 4 )  Exces s i ve e ros i on o f  st ream a nd s ed i mentat i on i n  l a kes , d ue t o  
h i g h d i scha rge ve l oc i t i e s ;  
( 5 ) I n c reased pol l ut i on o f  recei v i n g  s t reams and  l ak es due to  
i nd u st r i a l  f al l ou t  on roofs , ferti l i z ers  f rom l awn s a nd  deb r i s from st reet s 
and p aved a rea s  be i n g  con veyed d i rect l y  t o  the  s t reams ; 
( 6 )  Dama ge d u e  to  f l ood i n g  - r unoff  quant i t i es  wh i ch h a ve been 
expe ri enced r a re l y , n ow o cc u r  much  more f req uent l y . 
E very a rea i s  p a rt o f  a l a rge r wate rs hed a nd t herefo re , i mpacts  the  
d ra i nage of t he e nt i re wat e rs hed a nd v i s a  versa . The d r a i n a ge p l a n  of 
eve ry s uba rea  s hou l d t he n  be a component of a nd i n  a g reement wi t h  the  
d ra i nage p l a n of  t he ent i re wate r s hed . Th i s k i nd of  p re- p l a n n i n g  wi l l  p re­
vent a mu l t i t ude of  expens i ve p robl ems l ate r .  The  ra p i d devel opment of 
many a rea s requ i res  s u c h  act i on .  Th i s p h i l osophy i s  benef i c i a l  to  a l l com­
mun i t i es s i n ce deve l opment often i s i n i t i ated sudden l y .  The Amer i can  
Soc i ety of  C i v i l En g i nee rs '  ( ASCE ) manua l  on  Re s i dent i a l Storm Wat e r  
Management recommends t he fol l owi n g  b as i c  con cept s t o  m i n i mi ze the  l on g  
term p rob l ems a nd to  maxi m i ze  t he benef i ts ;  
( 1 ) Th e wat e r  f a l l i n g on  a g i ven s i te s ho l d ,  i n a n  i de a l  des i gn so l u ­
t i on ,  b e  a bs o rbed o r  ret a i ned on- s i te to  t he extent that a fter  devel opment  
t he quant i ty a nd r ate  of  wat e r  l ea v i n g  t h e  s i t e wou l d n ot b e  s i g n i f i cant l y  
d i ffe rent t han  i f  t he s i te h ad rema i ned u ndevel o ped . 
( 2 ) Opt i mum d es i gn of  storm wat e r  col l ect i on ,  stora ge and  t reatment 
faci l i t i es s hou l d s t r i ke a b a l ance among  c a p i t a l  costs , ope rat i on and ma i n ­
t en ance c os t s , pub  1 ;  c conven  i e nce  ,. r ;  sk  of  s i gn i f i  c a nt wate r- re  1 ated 
damage , e n v i ronment a l  p rot ect i on a nd e n h an ceme nt , and  othe r  commu n i ty 
obj ect i ves . Th e opt i mum ba l ance amo n g  t hese  f actors  i s  dynami c ,  c han g i n g  
o v e r  t i me w i th  chang i n g p hy s i ca l  cond i t i on s  a nd v a l ue percept i on s . 
( 3 ) Ju st a s  t he i mp ortance o f  wat e r  qua l i ty i s  be i ng i nc reaS i n g l y 
recogn i z ed , a maj o r  new emp has i s  n eeds  to  be p l aced on t he i de nt i f i cat i on 
a nd a pp l i cat i on o f  " natu ra l ll e ng i neer i ng  tech n i ques  to  p re s e rve and  enhan ce 
t he n at u ra l  f ea t u res of  a s i te .  En g i nee r i n g  des i gn can  be u sed to  i mp rove 
t he e ffect i ven e s s of nat u ra l  systems , rathe r than negat e , rep l ace o r  i gn o re 
t hem. 
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( 4 ) Amon g the new t rends t hat s hou l d  be  pu rsued are the use  of on- site 
detention storage , t he inc reased u se of  storage to  bal ance out hand l ing  o r  
t reatment of  peak  f l ows , t he u se o f  l and t reatment systems fo r hand l ing and 
dis posal of  storm wat er , and perhap s the most  impo rtant a recognition that 
tempora ry pondin g at  va r i ou s  point s i n  t he system ,  inc l uding  on t he indivi­
d ual l ot , is  a potential  design so l ut i on in many situations. 
(5 ) A continuing recogn i tion that there is a bal ance of res pon ­
sibil ities and obligations for col l ection , storage and t reatment of storm 
water  t o  be s ha red by ind i v i d ua l  p roperty owners  and the  community as a 
whole. 
( 6) A g rowing emphasis on  the recognition that every site or situation 
p resent s a u niq ue a r ray of p hysica l res ou rces , occupancy requirements , l a nd 
use cond i t i ons , and env i ronmental val ues . Va riations  of such  factors  
wi thin a commu nity gene rall y wil l req ui re variation s in design standa rd s 
for optional achievemen t  of  runoff  management objectives. 
( 7 ) Reeval uation of  the app roach to  basin-wide runoff  management is a 
universa l  need. It  is the  res pon sibil ity of , and s hou l d  be an  obj ective 
of , t he pub l ic sect or. 
4 . 2 PROTECT I O  (301 . 2 ) 
Areas whi ch  f requ ent l y ove rf l ow ,  o r  may be expected t o  be f l ooded , if 
t he water  s hed a rea above t his  po i nt is deve l oped , shou l d not be pe rmit ted 
to  be s ubdivided into l ot s  o r  buil din g  site for  any pu rpose without  p ro­
viding for s ufficient d rainage. (50 year  period mi n i mum ) . 
The 5 0  y ea r  period minimum impl ies a ce rtain risk that the d rai nage 
system wil l fail and f l ood i ng wil l occ u r. Ev ery sy stem is based on a 
design f l ow rat e whic h i s  in t u rn bas ed on the  l evel of  p rotection wh i ch 
is desired . Weat her  cannot be accu rate l y p redicted for next week much l es s  
for 5 0  yea rs . Ou r records of  ainfa1 l cover a rel ativel y s hort period (50 
to 1 00 yea rs ) . In o rd e r  to make a rational se l ection , statis tics and p ro­
babil ity are u sed to dete rmine what s to rm data s hou l d be u sed for t he 
design f l ow rate . A 50 yea r  period is a s tatistical val ue which can be 
related to  a s torm i ntensity whic h occu rs on an a verage rec u r rence i nte rva l  
of  5 0 y ea rs ove r a long period of  time. The higher t he period , t he more 
seve re t he s torm ( i .e. a 100 yea r  storm is mo re s evere than a 5 0  yea r  
storm ) . Examples o f  rainfal l inten sity - s to rm d u ration - f requenc cu rves 
are s hown on pages  1 4  t h rou gh  1 7  of t he Design Criteria Manua l under 
Drainage. Th e lengt h o f  the rec u rrence period does not mean t hat a 100 
yea r storm cannot occ u r  d u ring a 50 y ea r  period. I n  fact , i t  is pos sib l e  
for a 1 00 yea r  storm t o  occu r t oday a nd a nother 1 00 yea r  storm t o  occu r 
tomo r row. But t he p robabil ity of  that occ u rrin g is l ow ,  al t hou gh  not zero. 
A design whic h p rotects against a 100 yea r  storm has l es s  c hance of fail u re 
than a design whic h p rot ects  agains t  a 50 y ea r  storm ,  but  it is a l s o  mo re 
e xpensive . The val ue of the p rotect i on s hould be weighed against t he cost  
of  p rovid i n g t he p rotect i on t o  determine the design condition. This is  a 
t op i c which req ui re s ca refu l consideration by bot h the p l a nne r and designer 
toget he r .  Th e p l anne r s hou l d  also keep in mind t hat deve l o pment at t he top 
of a d rainage basin wil l p rod uce mo re r u noff fl ow at the bottom o f  the 
d rainage basin which mi ght  exceed the p reviou s design condition s. 
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It  i s  o ften d i ff i c u l t to p red i ct the  d amage f rom u rban  nu i s ance 
fl ood i ng . Th e s el ect i on of  the retu rn per i od i s  a j udgement ca l • There 
may be l i t t l e harm i n  f u l l gutters  and f l oodi ng  i nt e rs ect i on s  several  t i mes  
each yea r i f  i t  on l y  l as t s  a s ho rt t i me . A g reate r deg ree of  p rotect i on 
may be neces s a ry i n  a comme rci a l  d i s t ri ct becaus e of the  i ncon ve n i ence 
i nvo l ved . Th e w i l l i ngness  of  the res i dent s to fund the p roj ect may have a 
ove r- r i d i ng i n fl uence on t he leve l of  p rotect i o n p rov i ded by the des i gn . 
J ame s and Le e ( 1 97 1 )  s uggests  an  a l t e rnat i ve app roach  for sel ect i n g t he 
opt i mum l eve l of  p rotect i on when nu i sa nce damage i s  the s i gn i fi cant fact o r . 
They i nc l ude : 
( 1 ) To i nsta l l storm d ra i ns  on a t ri a l  and e r ro r  ba s i s wi t h  add i t i ona l  
fac i l i t i es p ro v i ded when  pub l i c  p re s su re devel ops . 
(2 )  To rega rd n u i sance damage a s  a n  i ntang i b l e and  to  a l l ow the  
p l anne r to  u se h i s o r  her  j u dgement i n  sel ect i ng the  des i gn f requency wi t h  
econ om i c a na l y s es  be i ng u sed onl y to determi ne t h e  l east-cost des i gn  for 
accomp l i s h i n g  t he obj ect i ve .  
( 3 ) To post u l ate a funct i on rel at i n g  nu i sa nce damage t o  the  depth and 
durat i on o f  pond i n g and comb i ne benef i t s  for  econ omi c j u st i f i cat i on . 
(4) To su rvey s torm d ra i nage p ract i ce t o  der i ve n u i s ance damage as a 
funct i on o f  l and u se .  
The f i rst two h ave been w i de l y  u sed b ut p rod uce v a ri at i ons  i n  res u l t s  
w ' th t he pos s i b i l i ty o f  pub l i c  d i s content . 
S i nce the l evel  of  p rotect i on h as a d i rect bea r i n g  on t he cost  of the  
p roj ect ,  t he p l an ne r s hou l d c a refu l l y  d i s cu s s  wi th  t he  d e s i gne r t he re l a­
t i ve costs  of  each l eve l  of  p rotect i on and what the p rotect i on mea n s  to t he 
commu n i ty . Th e p l anne r  and des i gne r s houl d come to a n  ag reement  as to the  
l evel  of  p rotect i on ( o r  r i s k ) t hat t h e  c ommu n i ty can  a ffo rd and  des i re s .  
By th i s method t he p l a n n e r  s hou l d have  a better  u nderstand i n g of  what i s  
be i ng p rov i ded and w hat i s  not so t h e re wi l l  be  no  s u rp r i ses  l ate r .  
I n  s t reet  d ra i na ge u s i ng  o pen  d i tches , when  a runoff  peak  exceeds t he 
cu l vert capac i ty ,  wate r  wi l l  b ack  u p  u nt i l i t  get s deep enou gh  to  ove r f l ow 
t he paveme nt . Th e pond i ng  d amage depends on l and u se  and the overtopp i ng 
damage depends  on  t he type of  const ru ct i on a nd t he t ra ff i c pattern s . 
Overtopp i n g s hou l d be  mi n i mi zed so  l on ger  ret u rn per i od s a re oft en used . 
Unde rg round storm wat e r  p i p i ng sy stems are mo re expens i ve but p rov i de a way 
of m i n i m i z i ng t he n u i sance cond i t i on s . 
4 . 3 DEF I N I T I ON OF STORM WAT E R  RUNOF F S Y STEM 
ASCE def i nes  a s torm wat e r  runoff system as : 
( 1 ) Composed of  bot h n atu ra l and man-m ade  e l ements . I n  t h e  past , 
des i gne rs h ave often fa i l ed t o  c ap i ta l i ze u pon nat u ra l  e l ement s a nd have at 
t i mes  i gno red t hem when a c on s t ru ct ed e l ement was i nsta l l ed .  
( 2 ) Components  i ncl ud i ng not on l y t hose  wh i c h conta i n and con vey storm 
water , b ut a l so  t hose  wh i c h absorb , store and oth e rwi se u se st orm water  
rat he r t han  d i s pose of  i t . 
( 3 ) A s i n g l e  system h av i ng two pu rpos es : ( a ) the  con t rol  o f  sto rm 
water  runoff  to p revent o r  m i n i mi ze damage t o  p rope rty and  phys i ca l  i nj u ry 
and l os s  o f  l i fe wh i ch may occ u r  d u r i ng o r  after  a very i nf requent or  
des c r i pt i on of  act i v i ty as a resu l t  of  runoff  f rom mo re f requent l y  
occu r r i n g , l es s  s i g n i f i cant  storms . 
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( 4 )  A system whe re the re a re components  that a re des i gned  p ri ma ri l y  to  
obta i n c on ven i ence at  t he sma l l e st s ca l e o f  t he system at the  i nd i v i dua l  
s i te  o r  i nte rsect " on , d u  i n g m i n o r  o r  f requent s t o rms . Du ri n g  a n  i nf re­
quent o r  maj o r  s to rm ,  t he capac i t i e s o f  many of  t he  con ven i ence-o ri ented 
component s  w i l l  be  e xceeded a nd f l ow capac i ty must  be p rov i ded by oth e r  
components  des i gned t o  p rov i de s afety and m i n i mi z e damage  th rou ghout  the  
sy stem . It mu st  be  recogni zed a nd emp has i zed t hat a tot a l  storm wat e r  
ru noff system can n ot b e  expect ed to p revent i nc�n ve n i ence a n d  mi n o r  p ro­
perty damage for a l l storms . 
4 . 4 STORM S EW E R S Y STEMS ( 30 1 . 3 ) 
Systems s ha l l be d e s i gned to p rotect aga i n s t  f l ood i ng  of  p rope rty of  
a l l c l a s s es , a nd ma i n t a i n the  req u i red l eve l  of  serv i ce for  pub l i c  fac i l i ­
t i es . St orm s ewe r systems s ha l l be des i gned a s  a coo rd i nated un i t  a nd may 
i ncl ude a ny o r  a l l o f  t he fol l owi ng  e l ement s : 
( 1 )  En cl osed storm s ewers  a nd appu rt ena nces .  
( 2 ) Open cha n ne l s . 
( 3 ) Swa l es  o n  p rope rty l i ne s . 
( 4 )  De f i n i t i on of  t e rms g i ven  i n  t he De s i gn  C r i t e r i a Man u a l ; 
( a )  E nc l osed storm sewe rs  - En c l osed storm s ewe rs  s ha l l be u sed 
t o  co l l ect and con vey d ra i nage on , ac ross , and t h rou gh pub l i c  s t reet 
r i ght s -o f-way . Ou tfa l l d ra i n s  s ha l l extend at l ea st  6 0  feet to the  
rea r o f  the  f ron t b u i l d i n g  l i ne o r  2 0  feet p a s t  the  b a c k  l i ne of  t h e  
s t ruct u re , wh i cheve r i s  g reat e r , and  on  the  i n l et to 1 f oot f rom t he 
cente r o f  t he s i de d i t ch . 
( b )  Open chan ne l s - Open cha nne l s  a re acceptab l e on l y  to  ca r ry 
s to rm wat e r  run off f rom t ri but a ry a reas  e xceed i ng 1 00 a c res , o r  f rom 
sma l l e r t ri b ut a ry a reas  othe rwi se  req i r i ng an e n c l o s ed s t o rm s ewe r 
p i pe 48 i nc hes  i n  d i amet e r  o r  l a rge r ,  e xcept en c l os ed d ra i nage s t ruc­
t u res s ha l l be p ro v i ded whe re open cha n ne l s c ros s pub l i c  r i ght -o f-way . 
( c )  Si de d i t ches . S i de d i t ches  a re gene ra l l y n ot acceptab l e and  
may be  u sed t o  convey d ra i nage a l ong  pu bl i c r i ght  of  way on l y  i n  ru ra l 
a reas  when des i gnated by t he c i ty e n g i nee r . C u l ve rt s  and  app u rtenant 
d ra i n a ge fac i l i t i es s ha l l be des i gned to  p e rm i t t he i r i ncorpo rat i on 
i nt o  a fut u re enc l osed s torm s ewe r system when pos s i b l e .  i tches  s h a l l 
b e  des i g ned t o  meet the  requ i reme nts for  open  c h a n ne l s .  
( d )  Ve l oc i ty - Di scha rge ve l oc i ty sha l l be con t ro l l ed to p revent 
bot h  e ros i on a nd s i l t at i on a t  a nd " mmed i at e l y  down s t ream f rom the  po i nt 
of d i s cha rge . En e r�y d i s s i p at i ng s t ruct u res  s h a l l be u sed i f  
req i red . 
4 . 4 . 1  T E MPORARY D ETENT I ON S Y STEM 
In  a reas whe re a stormwat e r  o ut l et i s  ava i l a bl e ,  then  stormwate r may be 
det a i n ed i n  t he fac i l i ty u nt i l s uch  a t i me whe n  re l e a s i ng the wat e r  i s  pe r­
m i tted , o r  a constant  a l l owabl e rel e a s e  rate  may be a p p l i ed t h rou ghout  the  
runoff  e ve nt .  I n  s uch  cases  t he i n f i l t rat i on capac i ty of the  so i l may a l s o  
be con s i de red f o r  t h e  deten t i on  per i od . Th i s  i s  acce ptab l e to  t he enc l os ed 
storm s ewe r system and ope n  chan ne l , but i t  s hou d be construct ed before 
t he a rea  i s  h i g h l y  deve l oped . 
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4 . 4 . 2 METHODS TO R E D U C E  Q UANT I TY OF RU NOF F AND M I N I MI ZE PO  UT I ON 
I f  t he s torlTlwat e r  i s  pe rm i tt ed to fol l ow i t s n at u ra l hyd rol og i ca l  p ro­
ces s i t  w i l l  i ne v i t a b l y  res u l t i n  a red uct i on i n  t he quant i ty of stormwate r  
runoff  a nd a red uc t i on o f  pol l ut i on l oad i ng  i n  t he rece i v i ng wat e rco u rses .  
Stormwat e r  s ho u l d be  d i rected i nto the  s oi l p referab l y t o  the  s ame e xt ent 
a s  n at u re d i d  p r i o r  t o  deve l o pment , a nd maybe t o  a n  e ven g reate r e xt ent .  
By a l l owi n g  s to rmwat e r  to  i nf i l t rat e back  i nt o  the  s o i l , i t  w i l l  n ot on ly  
reduce t he quant i ty o f  r u noff  and  rec ha rge t o  wat e r  t ab l e , but the  
f i l te r i ng  p rope rt i es o f  t he s o i l  wi l l i mp rove the  wate r  qual i ty .  
Whateve r amo u nt c a n not b e  s o  accommodated at t he po i nt  of  rai nfa l l 
s houl d b e  det a i ned i n  nea rby l ocat i on s  fo r a cont rol l ed out l et to the 
rece i v i·ng s t reams , w i t h  pea k f l ows app roach i ng the  p re-d eve l opment  peak 
f l ows . 
T h e re a re a v a r i ety of  met h ods i n common  u se today t hat ca n effect i ve l y 
con t rol  peak  runoff  rates , wh i l e  at  t he s ame t i me , i mp rov i ng  qual i ty .  The  
fO l l owi ng  Ta bl e l i s t s  s u ch met hod s a l on g w i t h  the i r effect i veness  and i s 
p resented t o  g i ve t he p l a n n e r  a n  a pp rec i at i on for the  many a l t e rn a t i ves  
t hat t he des i g n e r  mu st  con s i de r i n  o rde r t o  p rodu ce the  best des i gn for  
each p a rt i c u l a r  s i t u at i on .  E a ch d ra i nage  des i gn i s  u n i q ue and  requ i res  
c a refu l  c on s i de rat i on .  
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MEASURE S FOR REDUC I NG QUANT I TY OF RUNOFF AND M I N I M I ZE POLLUT I ON 
R I C I H 
E N 0 N I 
R EDUCE R EDUCE IMP ROVEMENTS S S M 0 W 
VOL UME OF P EAK RATE TO RUNOFF I T M U Y 
MEASURE RUNOFF OF RUNOF F WTR QUAL I TY D I E S S 
Ro of wat e r  t o  
g ras sed s u rfaces X X X X 
Cont ou r g rad i ng  X X X 
Po rous Pa vement  
- i nt e r l ock i ng 
s t ones X X X X X X 
- g ra v el l ed 
s u rface s X X X X X X 
- porou s as p hal t X X X X X X X 
Gras sed d i tches X X X X X X X X 
I n fi l t rat i on Bas i n s X X X X X X X X 
Bl ue- Green  Storage X X X X X 
Po nd i ng on  f l at roofs  X X X X 
Po nd i n g  o n  roadways  X X 
Po nd i n g  on  par k i ng 
l ot s  X X X X 
Detent i on Pond s ( d ry 
pond ) X X X X X X X 
Retent i on Po nds no 
f reeboa rd X 
Retent i on Ponds  wi th  
f reeboa rd X X X X X X 
Subs u rface Di sposa l  
- p e r forated storm 
s ewe r X X X X X X X X 
- i nf i l t rat i on  
t renches  X X X X X X X X 
- d ry wel l s  X X X X X X X X 
Subs u rface Detent i on X X X X X X X 
Al l o f  t hese  mea s u res  for red uc i ng  quant i ty of  runoff  and  m i n l ml z i n g pol l u-
t i on a re not app l i ca b l e to  e very c i ty ,  but many a re , and the  run off can be  
redu ced by u s i n g  t hose  t hat a re s u i ted to  the va ry i ng  cond i t i on s . 
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4 . 5  DE S I GN P ROCEDURES  
Sect i on 302  o f  t he De s i g n  C r i t e ri a Man u a l  l i s t s  t h i rt een ( 1 3 )  i tems 
wh i c h a re i nco rporat ed i nto t he ove ra l l des i gn p roces s . These i tems can  
s erve  a s  a p ra ct i ca l  c hec k l i s t for  t he p l a n ne r  to  h i g h l i ght  i mport ant 
a reas  of t he des i gn .  
4 . 5 . 1  MAPS ( 302 . 1 ) 
P r i n t s  s howi n g  t he wat e r  s hed a rea , reco rded p l at s , s u rvey maps  o r  
othe r  p l a n s  wh i c h  a re a va i l ab l e s howi n g  t he t ri but a ry a rea t o  b e  des i gned 
for  s ha l l b e  obt a i ned . 
4 . 5 . 2  SURV EYS  ( 302 . 2 ) 
C heck  and  con f i rm s u rvey reference  data  w i t h  the  offi c i a l  p l at boo k and 
othe r  recorded i nfo rmat i on .  
4 . 5 . 3  UT I L I T I ES ( 302 . 3 )  
T he l oc at i on o f  a l l u t i l i ty l i nes  ex i st i n g a nd p roposed f rom f i l es and  
ot h e r  i nformat i on s u pp l i ed by ut i l i ty comp an i es and  c i ty reco rds s hou l d  be  
c hec ked . 
4 . 5 . 4 EX I ST I NG I NFORMAT I ON ( 302 . 4 ) 
Dete rmi ne  t he r i d ge l i ne s  of  t h e  t ri but a ry a rea and  e stab l i s h the  
gen e ra l  rout i ng o f  t he p roposed sewe r l i ne .  C heck  con nect i ng storm sewer 
l i n es , a ppu rt enances , st reet g rades  and a l l oth e r  i n fo rmat i on pe rta i n i n g  to  
the l ocat i on of  t he p roposed sewe r . 
4 . 5 . 5  PREL I M I NARY LAYOUT ( 302 . 5 )  
Prep a re t he p re l i mi n a ry l ayout a nd g rades i n  penc i l .  The  d ra i n a ge pat­
tern mu st  be compat i b l e w i t h  the  ex i st i ng  pattern  estab l i s hed i n  the  a rea . 
4 . 5 . 6 ULT I MATE DEVELOPME NT .( 302 . 6 ) 
Comp ute the  est i mat ed u l t i mate dens i ty and  i mpe rv i ou s  su rfaces  p l a n ned 
for t he a rea . I n fo rmat i on may be obt a i ned f rom the  c i ty eng i n ee r ' s off i ce  
o r  t he p l an n i n g  a nd zon i n g  d epa rtment . 
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4.5.7 F I ELD CHECK (302.7 ) 
Veri fy the p rel i mi nary des i gn by f i el d  c hec k i ng of the wat er s hed area, 
c ri t i cal con nect i on s ,  c ros s i n g s ,  sl opes , et c . ,  before p roceed i ng  wi th  the 
f i nal d raft of  the p l an .  
4 .5.8 RUNOFF  (302.8) 
E stab l i s h and i nd i cate curb g rades , out l i ne of the runoff area, and 
i nd i cate cub i c feet per s econd by i nc remen t at each pai nt of i ntercept i on . 
4 .5. 9  CURB CAPAC I T I E S (302.9 ) 
Cal cul ate curb capac i t i es for eac h s i de of t he s t reet i nterdependent l y .  
D i fferences i n  curb  el evat i on s ,  off  center c rowns , etc . ,  must be taken i nto  
con s i derat i on . 
4 .5. 10 I NLETS ( 302.1 0) 
W hen cal cul at i on s  i nd i cate t hat curb capac i t i es are exceeded at a 
poi nt,  n o  f u rther al l owan ce s hal l  be made for  f l ow beyond that poi nt and 
bas i n s s hal l be u sed to i nt ercept fl ow at the poi nt . Al l fl ow shal l be 
p i c ked up by an i n l et .  Paved gutters may be used to i ntercept fl ow and 
d rai ned t o  an app roved out fal l on app roval of  the En gi neer .  
4 .5.11 I NLET AND P I P E CAPAC I TY (302.1 1) 
C al cul ate capac i t i es for  i n l et s and s i ze p i pe l ateral s . A 1 5  i nc h  p i pe 
i s t he mi n i mum s i z i ng for  al l l at eral s . 
4.5 .1 2 MAX IMUM D E PTH (302.12) 
Drai nage wat er mu st not exceed t he depth of  the curb at any i nt ersec­
t i on . 
4 .5.1 3 HYDRAU L I CS (302. 1 3) 
C al c l ate  and s how hyd raul i c s of p i p e i nl et s . Cal c u l ate vel oc i ty head 
and hyd rau l i c  p rof i l es of  fl ows exc eed i n g a vel oci ty of 15  f eet per s econd . 
4 . 6 R U NOFF  CALCULATI ONS 
Sect i on 303 of t he DeSi gn C r i teri a  Man ual d i s cu s ses t he vari ous for­
mul as and c ri teri a whi ch are acceptab l e  i n  cal c u l at i n g and s p ec i fy i n g  t he 
des i gn c ond i t i on s . Th e des i gn equat i ons  for fl ow rate i ncorpo rate t he s ep-
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c i f i c  c ond i t i on s  of  storm ret u rn frequen cy , a rea of the dra i nage , i n f i l t ra­
t i on tendenc i es a nd s l ope  ( h i g h s l ope , faster  runoff ) . Al l of  t he 
equat i ons  a re e s t i mates but ' p rov i de t he bes t est i mat e ba sed on  ava i l ab l e 
d at a  and knowl edge . Th e res u l t s  of t hese  cal c u l a t i ons  become the  b as i s  for 
s i z i ng a l l t he i n l et s  and p i p i n g .  
4 .6 . 1  P I P E S I Z I NG ( 3 04 ) 
M i n i mum s i z e stormsewe r ( d r i ve  p i pe )  s hal l be  1 5  i nches  i n  d i amet er  a nd 
a l l ot her  p i p e t o  be  a mi n i mum of 1 8  i nches i n  d i amet e r .  F l ood i n g  of  adj a­
cent p roperty s hou l d  be a p ri me con s i de rat i on i n  dete rm i n i n g the d ra i nage 
s t ructu re to  be i ns ta l l ed .  The  a gency res pon s i b l e for the i n s tal l at i on of 
d ra i nage s t ruct u re s  may be  he l d account a b l e for damages , i t  i f  i s  too sma l l 
and cau ses f l ood d amages . 
4 . 6 . 2  GUTTE RS  AND I NLETS 
Gu tte rs a re u sed to  t ra n s port t he runoff fl ow to  the  i n l ets  of  the  
p i p i n g sy stem .  Gu tters s hou l d be des i gned to col l ect the runoff  and  con vey 
i t  w i t hout cau s i n g pondi n g .  P rop e r  i n l et des i gn i s  cr i ti cal . I f  the  i n l et s  
a re u nde rs i zed , t he runoff  cannot p rope rl y fl ow i nto  t h e  storm sewe r a nd 
t h u s  was t i n g  i ts va l ue . I n l et s  a re s t rategi ca l l y  p l aced i n  gutte rs to  
d i rect t he fl ow i nto  b u r i ed s ewers before the  gutter fl ow become s t oo dee p . 
So i n l et pos i t i on i ng  and s pac i ng  depends on the  l and used and  des i g n f l ow 
cond i t i on s  a nd each p O i nt i n  the ove ra l l systems . P l acement i s  often l eft  
the j udgement o f  the p l anne r a nd the des i gne r based on the  l eve l of  accep­
tab l e n u i s ance for each p roj ect . 
4 . 6 . 3 EROS I ON 
Du r i ng  con s t ruct i on ,  u se tempora ry berms , ba i l ed st raw o r  hay ,  sed i me nt 
t raps , b ru s h  b a r r i e r , t empo ra ry s l ope d ra i n s . When the ea rth  work i s  
c omp l ete , pave  d i tches  too steep for s od t o  p rotect ( a p p rox i mat e l y  3% or  
ove r )  a nd s od a l l oth e r  d i tches . C ut berm d i tch at top  of cut sect i on s  and  
s eed wi th  mu l c h ,  a l l newl y g raded e a rthen a reas  that  i s  not to  be p aved , 
s odded , o r  stab i l i zed . R i p-rap f i l l  s l opes that ne i the r s odd i ng o r  seed i ng  
w i l l  p rotect . P l ant i n g o f  s h ru bbe ry wi l l  hel p to stop e ro s i on .  F a i l u re to  
p rope r l y  p rot ect a ga i nst  e ros i on can  mean  the expense  of  hav i ng to  rebu i l d  
t he p roj ect at a fut u re date . 
4 . 6 . 4  EASEME NT ( 3 10 )  
Pe rmanent d ra i nage easeme nts s houl d be obta i ned for  a l l storm sewe rs , 
and o pen  d ra i n s , t hat i s  not w i t h i n a p ubl i c  ded i cat i on ,  wi th  the  r i ght of 
ent ry for i ns pect i on  a nd ma i ntena nce . 
Pe rma nent easement s hou l d be obt a i ned for  a detent i on d am s i te wi l l  
s p i l l way and rel ea se  fac i l i t i es ,  and f l oodage r i ght s  fo r tempora ry det en-
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t i on a nd con veyance o f  storm d ra i nage . Ea sements  and fl oodage r i ghts  s ha l l 
i nc l ude a l l n ece s s a ry p rov i s i on s  a nd s u f f i c i ent l and for  ent ry to i n spect 
a nd mai nta i n fac i l i t i e s .  De ed s and easements  s hou l d be prope r ly  reco rded . 
4 . 6 . 5  S U B S U RF AC E DRA I NAGE 
Soi l mo i stu re i s  of t h ree k i nd s : G rav i tat i on a l , C app i l l a ry ,  a nd 
Hyg ro scop i c . Th i s  water  mu st be removed to p roduce a st abl e subso i l .  I n  
ru ral  a reas , t h i s can  be accomp l i s hed by l owe ri ng the  wate r  tabl e w i t h  deep 
d i tches . I n  u rban  a reas  t h i s wat e r  can  be t rapped ; n  an  u nde rg round  d ra i n 
p l aced i n  t he s hou l de r  para l l e l wi t h  the  pavement at a depth s u ff i c i ent to 
l owe r t he wat e r  t ab l e . 
4 . 6 . 6  E N ERGY  D I S SAPATORS 
Cont rol s ,  bot h n atu ral  a nd a rt i f i c i a l , det e rmi ne  the rel at i on o f  stage 
t o  d i scha rge a nd regu l ate t he f l ow .  Na tu ra l  cont rol  of st ream f l ow may 
occ u r  at c ha nne l  con s t r i ct i on , gravel  bars , rock outcrop s and deb r i s j ams . 
Ve getat i on g rowt h a nd rou gh ne s s  reduces  t he vel oci ty of the  st ream. 
Art i f i c i a l cont rol s i nc l udes dams , ret a rd i ng  s t ruct u res , d i v e rs i on d ams , 
g rade-con t ro l  s t ructu res . 
4 . 6 . 7 FOU NDAT I ON DRA I NS 
Foundat i on d ra i n s  ( i nc l ud i n g  down s pout )  s hou l d neve r be pe rmi tt ed t o  
connect  to  s a n i t a ry sewe r , a nd to  s t o rm s ewe r onl y i f  i t  was des i gned t o  
t ak e  t h i s add i t i on a l  wate r .  I t  i s  much better  i f  foundat i on d ra i n s  c a n  be  
p i ped to  a s odded a red a nd a l l owed to  s oak  i nto t he so i l . 
4 . 7  P LAN N I NG CHECK L I ST 
The fol l owi ng  c heck  l i s t  i s  p rov i ded a s  a g u i de to  t he p l a n n e r  t o  i den­
t i fy t he i mport a nt components  of  the ove ra l l p roj ect wh i ch s hou l d  be con­
s i de red . Each  p l a n n e r  s hou l d add add i t i on a l  i tems a s  needed for  a ny 
p a rt i c u l a r  � roj ect . The mo st i mportant  i tem i s  commu n i cat i on .  T h e  p l a n ne r 
a nd des i gn e r  s houl d commu n i cate on  every facet of  the  p roj ect wi t h  the  goal 
of  p rod uc i n g a bet t e r  f i n a l  p roduct . Th e des i g ne r shou l d t he n  p roduce t he 
de s i gn to  meet t he s tated requ i rement s a nd cert i fy t hat the  de s i gn wi l l  
meet t he p l a n n e rs goa l s .  
( 1) I d e nt i fy the tota l  a rea to  be p rotect ed by the  p roj ect and t he 
a rea to  be a ffected by the  d ra i nage from the p roj ect . 
( 2 ) Ev al uate t h e  e ffec t of  t he d ra i n a ge f rom th i s  p roj ect on t he  
d ra i n a ge c ha racte r i s t i c s  o f  a ny " down s t ream" a reas  o r  p i p i n g sy stems . 
( 3 ) De te rmi ne t he l evel  o f  p rotect i on wh i ch i s  req u i red for  t h i s p ro­
j ect ( s ect i on 4 . 2 ) . 
( 4 ) C hoo se  between s u r face ( d i t ches ) a nd s u b s u rface ( s ewe rs ) sy stems . 
( s ect i on 4 . 2 ) . 
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( 5 )  
4 . 3 . 1 ) 
Wi l l d et ent i on a reas  be des i g n ed i nto the devel opment?  ( s ect i o n  
( 6 ) Ident i fy t he potent i a l d amage s a nd the  met hod of respond i n g to  
t hose  fut u re damages . 
( 7 ) Det a i l ed map s of t he a rea s how i n g  the  l ocat i on of  b u i l d i n g s , 
s t reet s , ex i st i n g  d ra i nage , topog rap hy ,  etc . 
( 8 ) As bu i l t  d rawi ng s  k ept u p-to-d at e and on  f i l e . 
( 9 ) Ut i l i ty l i ne l ocat i on s . 
( 1 0 )  Co nn ect i on s  to  e xi s t i n g  systems and  t he re s u l t ant  e ffect s . 
( 1 1 )  Re v i ew o f  p re l i m i na ry l ayout . 
( a ) Pred es i g n con fe ren ce w i t h  the  des i gn e r  t o  d i s c u s s  t h e  
requ i rements  f o r  t he p roj e ct . 
( b ) Re v i ew of  a s ketch  o f  the des i gn concept wh i c h i s  p ro­
v i ded by the  des i g n e r .  
( c ) Ap p roval  by t he p l an ne r  of t he des i g n con cept i n  con ­
s u l t at i on w i t h  t he des i gne r .  
( d ) Re vi ew o f  the deta i l ed des i gn . 
( e ) App rova l o f  t he f i n a l  des i gn a nd p roceed wi t h  con s t ruc­
t i on . 
( 1 2 )  E s t i mat e of  l t i mate deve l opment  for  peak  r u n o f f  cond i t i on s  
( s ect i on 4 . 3 . 2 ) . 
( 1 3 )  Ad eq uacy of  z on i ng  con t rol t o  e n s u re t hat t h e  devel opment  p l a n  
d o e s  not c ha nge s i g n i f i ca nt l y  a n d  c han ge the  runof f cha ra cte r i s t i cs . ( T h i s 
may be p a rt of  the r i s k  u nce rt a i nty a na l y s i s . ) 
( 14 )  F i el d c hec k of  t he con s t ruc t i on .  
( 1 5 )  I n l et p l acement t o  m i n i mi z e n u i s a n ce condi t i on s  ( s ect i on 4 . 5 . 2 ) . 
( 1 6 )  E r os i on p rotect i on on  a l l s u rface t ra n s port systems ( s ect i on 
4 . 5 . 3 ) . 
( 1 7 )  
( 1 8 )  
4 . 3 ) . 
( 1 9 )  
( s ect i on 
( 20) 
des i g ned 
4 . 5 . 6 ) . 
Co nt rol of  fou ndat i on and  eave d ra i n s  ( s ect i on 4 . 5 . 7 ) .  
Op en c hanne l s s hou l d be  routed t o  mi n i mi ze s a fety hazard s  ( s ect i on 
I n l et des i gn s hou l d con s i d e r  p ede s t r i a n  a nd b i cycl e sa fety 
4 . 5 . 2 ) . 
En ergy d i s s i pators a nd other  out fa l l p rotect i on s hou l d  be  
whe re e nc l osed d ra i n s  d i sc h a rge onto e rod i b l e so i l s ( s ect i on 
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5 . 0 STREETS  
5 . 1  GENERAL 
MTAS STRE ETS 
St reets a re one of the  l a rgest i nvestments  made by  a c i ty .  They a re 
a l so one  of  the most permane n t  i n  t he sense  t hat once bu i l t , t hey a re 
se l d om moved o r  d i sca rded . I n  f act , a c i ty st reet map f rom one  hun  red 
y ea rs a go w i l l  l oo k  v e ry much the s ame as the p re s e nt s t reet system l es s  
new add i t i on s . He nce , good p l a n n i n g  o f  the st reet system i s  ve ry i mport ant 
s i nce  t he i r l oca t i ons  w i l l  be  essent i a l l y  f i xed once b u i l t . Good st reet 
des i gn i s  a l so i mpo rtant  i n  o rder  t o  m i n i mi z e  the  bu rden  on the  taxpayer . 
Ev en i f  the  s t reet s a re f i na nced by a devel ope r , the  c i ty or cou nty wi l l  
u l t i mate l y  be  respon s i b l e for t he ma i ntenance i nc l ud i n g  res u rfac i n g , 
patc h i n g ,  a nd s i gn u pkeep . 
St reets  p ro v i de many e s s ent i al s  of  c i ty l i fe : t rave l  o f  peop l e to  and  
f rom work , movement  of  p rod ucts  i nto a nd out of  the c i ty ,  serv i ces s u c h  as 
po l i ce ,  f i re ,  a nd ambu l a nce , a nd acces s to rec reat i on a l  a nd c u l t u ra l  act i ­
v i t i es .  St reets  c a n  be c l a s s i f i ed i n  a s i mp l e h i e ra rchy o f  a rter i a l  
st reet s , co l l ector  s t reets , and l oc a l  street s . Arte r i a l  st reet s a re t he 
maj o r  roads i n  t he c i ty wh i ch h andl e l a r ge vol ume s of  t ra ff i c and a re the  
eas i est routes to  u se i n  mak i n g l on g  d i s tance t r i p s . Co l l ector  street s a re 
i nte rmed i ate between  t h e  a rt e r i a l  street s and l oc a l  s t reet s and p i c k  u p  
t raff i c f rom l oca l s t reet s t o  b r i n g  i t  t o  t he a rte ri a l s . Lo ca l  st reets  
p rov i de acces s to  i nd i v i du a l  h omes and  b u s i n es s es . 
As  ment i oned p re v i ous l y , p l a n n i n g  the  ci ty st reet s sys t em i s  e xt reme l y  
i mpo rtant . Everyone u nderstands  t he f ru st rat i on of  t ry i n g  t o  get home at 
ru s h  hou r  on a road system t hat i s  p oo r l y  des i gned . Moreove r , p l a n n i n g  
must  n ot on l y  cons i de r  t he p resent n eed s b u t  fut u re need s as  wel l . 
I n adequate a nt i c i pat i on of  futu re t raff i c wi l l  make  u p g rad i n g  the  st reet s 
very expen s i ve espec i a l l y  i f  homes and b u s i nesses mu st be demo l i s hed for  
t he n ew r i ght of  way . P l an n i n g  a nd con s t ruct i on of  st reets di ffers f rom 
wate r mai n ,  sewe r ,  and d ra i na ye p roj ects  i n  t hat ma ny mo re peop l e and  
g roups  t ak e  a n  i nte rest  i n  whe re t he s t reet s w i l l  be b u i l t  and  consequent l y  
st reet p roj ects  may gene rate g reat cont roversy . 
Seve ra l  c on s i de rat i ons  gove rn t he p l a n n i n g  a nd des i gn o f  s t reet s a nd 
h i ghways . Ge ne ra l c ri t e r i a i ncl ude ( 1 ) : ( a ) Reduct i on o f  t ra ff i c 
congest i on a nd t ra v e l  t i me ,  ( b ) Sa fety , ( c ) En v i ronmenta l  con s i de rat i on s  
such  a s  n o i s e  a nd att ract i veness , ( d ) Co st o f  con st ruct i on and  ma i nten ance 
a nd c osts  and benef i ts t o  the commu n i ty and st reet u s e r , and (e) Commu n i ty 
att i tudes towa rds a p roj ect . An e xce l l ent  s umma ry of  add i t i on s  p l a n n i ng  
p r i n c i pa l s for  l oca l res i dent i a l  s treets i s  cont a i ned i n  a document  w ri tten  
j o i nt l y  by  t he U r ba n  La nd I n st i tute  ( U L I ) , t he Ame r i can So ci ety of C i v i l 
En g i nee rs ( ASCE ) , a nd t he Na t i onal  Assoc i at i on of  Homeb u i l de rs ( NAHB ) and  
t i t l ed " Re s i dent i a l St reets " .  ( 2 )  These  p r i n c i p l e s  a re :  
( 1 ) St reet and pedest r i an  c i rc u l at i on patte rn i n  a new re s i de n ­
t i a l a ea s hou l d be  compat i b l e  wi t h  obj ect i ves estab l i s hed by a 
commu n i ty ' s ma " o r st reet p l a n . 
(2 ) Pl an ned l ayout s hou l d m i n i mi ze ove ra l l l en gt h  of s t reets . 
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(3) A res i dent i a l a rea s hou l d be conven i ent l y  acces s i b l e f rom 
maj or  s t reet s and  h i g hways . 
(4) Dr i veway ent ra nces  s hou l d  be avoi ded on a rte r i a l  street s a nd 
whe rever  pos s i b l e on  col l ect or st reet s . 
( 5 ) Th roug h-t ra ff i c on mi nor  res i dent i a l st reet s s h ou l d be 
avo i ded . 
( 6 ) Re s i dent i a l  s t reet s s hou l d  p rovi de s afe and  con ven i ent acce s s  
to  hou s i n g .  
( 7 ) Al l dwel l i n gs  mu st be a ccess i b l e  by eme rgency and s e r v i ce 
veh i c l e s . 
5 . 2 MTAS SPEC I F I CAT I ONS  
The  MTAS spec i f i cat i on s or  ot h e r  s i mi l a r s pec i f i cat i ons  p l ay a n  i mpo r­
t ant rol e i n  e n s u r i ng t hat u rban street and h i ghway p roj ect s wi l l  be 
des i gned a nd con st ructed s at i s factor i l y  w i th a mi n i mum of p robl ems ove r the  
p roj ected l i fe o f  t he faci l i ty .  Th e i ntent of t h i s sect i on i s  to expl a i n 
t he i mport ance of  v a r i ou s spec i f i cat i on s and t he con sequences  of a l t e r­
n at i ves . 
5 . 2 . 1 BASE AND S UBGRADE TREATMENT ( 022 1 5 )  
The ba se  i s  t he l ayer  of  mate r i a l  i mmed i atel y  beneat h the  p aveme nt . 
Becau se  i t  s u pports the  pav�ment and  u l t i mat el y  the veh i c l es ,  i t s ab i l i ty 
to  w i t h s tand  t hese  l oads  w i thout deformi ng  i s  c r i t i ca l . The s u bg rade i s  
t he s o i l u pon w h i ch  the  e nt i re road u l t i mate y res ts . F o r  road s that  a re 
b u i l t  by f i l l i n g i n  v a l l eys a nd dep res s i on s , t he i mpo rted f i l l  mate r i a l  i s  
t he s ubg rade , ot he rwi se  t he s ubg rade w i l l  u su a l l y be t he  o r i g i n a l  n at i ve 
s o i l . S i nce  the  s u bg rade s u p ports  the  base  a nd pavement and u l t i mate l y t he 
veh i c l es , i t  mu st a l so res i s t the l oads  wi th out deformat i on .  Ne a r l y  
e ve ryone  h as d r i ven  on  road s wh i c h  h a v e  devel oped dep res s i on s  o r  h ave  wa rped 
as the res l t  of base  or s u bgrade fa i l u re . Th e  eng i nee r wi l l  ach i eve st abi ­
l i ty of the  base  a nd s u bgrade mat e r i a l  by p rope r  se l ect i on and  compact i on 
of  t hat mater i a l . Th e cor rect mo i s t u re content i n  the s o i l i s  c ri t i ca l  
s i nce  too mu ch  moi s t u re w i l l  l es s en the  stab i l i ty o f  the  so i l ( t h e  reade r 
c an p i ctu re t he s u i tab i l i ty of  mud for  a roadway to unde rstand  t h i s ) 
whereas  too l i tt l e can  a l so a ffect t he s t rength  a nd compact i on .  On e fun c­
t i on o f  t he f i na l  p avement s u rf ace  w i l l  be to  reduce the  penet rat i on of  
mo i s t u re i nto  t he base  a nd s ubgrade . Pe ri od i c tes t i n g  of  mate r i a l  d u r i n g  
const ruct i on i s  i mperat i ve i n  o rde r t o  determi ne  whe he  t h e  mate ri a l  a nd 
c ompact i on a r e s at i s factory .  
5 . 2 . 2 GUARDRA I L  ( 0 24 5 1 )  
Gu a rd ra i l s  p e r form a n  i mportant s afety funct i on by prevent i ng c a r s f rom 
l ea v i ng t he roadway a nd t he reby fa l l i n g i nto  r i ve rs and  rav i nes  o r  c r as h i n g  
i nto  obj ect s . O f  cou rse  t he best so l ut i on i s  to  remo ve t h e  obj ect i f  
pos s i b l e ;  i f  not pos s i b l e  t he n  t he gua rd ra i l s  s pec i f i ed have  p roven  to  be 
s at i s f act ory , p rov i d i n g neces s a ry s t rengt h , att ract i ve nes s , and  s a fety . 
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P rope r  i ns t a l l at i on of  t he g u a rd ra i l s  i s  i mp o rt ant for them t o  funct i on 
a s  i nt ended , for  e xamp l e ,  t he ends  of  g ua rd ra i l s  fac i n g  t ra ff i c a re often 
t i ed i nto  the  g rou nd  so  a s  to  p revent s pea r i n g  of t he ra i l t h rough  t he 
veh i c l e  w i n d s h i e l d i f  t he ra i l were h i t head on . 
5 . 2 . 3 H I GHWAY S IGNS  ( 0245 2 )  AND P AVEMENT MARK I NGS  ( 0257 7 ) 
S i gn s a nd p avement  ma rk i n g s  s e rve  reg u l ato ry ( s top , y i el d ,  etc . ) , 
warn i n g ( cu rve , dee r  c rOS S i n g ,  etc . ) , a nd i nformat i on a l  ( ci ty d i stances , 
route n umbe rs , etc . ) p u rposes . Such  s i g n s  mus t  be of u n i fo rm des i gn ac ros s 
t he Un i ted States  i n  o rd e r  for  d ri ve rs not to  be con f u s ed . The i r l ocat i on s  
s ho u l d be  c hosen  w i t h  a n  u nd e r s t a nd i n g  o f  sa fety l e st they c a u se mo re 
p robl ems t ha n  t hey c u re . They mu st  a l s o  be d u rabl e so  t h at they w i l l  n ot 
be l ost  f rom s er v i ce f requent l y . 
5 . 2 . 4 ASP HALT I C  CONCR ETE PAV I NG ( 0 25 1 3 )  AND PORTLAND CEME NT P AV I NG ( 025 1 5 )  
The pavement forms t he wea ri n g  s u rface that veh i c l e s t rave l  u pon  a nd 
a l s o  p revent s moi s t u re f rom enter i n g  t he ba se  and  subg rade . Aspha l t i c 
con c rete a nd port l and  c ement con cret e cont a i n mi xt u re s  of a g g regate , typ i ­
ca l l y  g rave l  a nd s and , a nd a s pha l t o r  port l and cement . Th e a s p ha l t o r  
b i tum i nou s mate r i a l  a nd t he port l and  c ement  se rve  a s  a g l ue to  b i nd t he 
a gg regate p a rt i c l es  toget he r ;  s i nce t hese  mater i a l s a re mo re expens i ve  than  
t he aggregate , i t  i s  des i rabl e t o  b l end  s eve ra l s i zes of  agg regates i n  
o rde r to  red u ce the  vol ume req u i red for  the  a s p ha l t or  cement and  form a 
s t ron g , dense  pavement . P r op e r  se l ect i on of  aggregate  mater i a l  a nd  s i ze 
and  percentage of  a s pha l t o r  cement i s  a l s o  i mp o rtant  because  i t  a ffect s 
t he ease  o f  p l acement  a nd form i n g  of  t he pavement and  a ffect s the  u l t i mate 
p avement  s t rengt h . Too much  a sp h a l t o r  cement  can  be j u st  a s  bad a s  t oo 
l i tt l e . 
The  neces s a ry pavement  t h i c k ne s s i n  o rde r to  a c h i eve a d u rab l e su rface 
res i stant  t o  deformat i on w i l l  depend  on  t he vol ume of t raff i c a nd  the  p e r­
centage o f  t ru c k s . Good des i gn w i l l  s a ve money o ve r  t he l on g  run  by 
redu c i ng mai ntenance wh i l e  a l so  m i n i mi z i n g pavement  costs . 
Some of  t he t e rms  d i s c u s s ed i n  t hese  p o rt i ons  of the MTAS s pec i f i ca­
t i on s  may n ot be f ami l i a r  to  the  reade r ,  hence , a s h o rt l l S t of  de f i n l t i on s  
i s  i nc l uded h e re : 
( 1 ) Ho t m i x  a sp h a l t i c p avement i s  m i xed at  a cent ra l p l a nt  at  tem­
p e ratu re s o f  about 2 50- 2 7 5 °  F a nd t he n  formed i nto  p avement wh i l e  s t i l l  h ot w 
The h i g h t emp e rat u res a l l ow t he b i tumi nous  mater i a l  to  even l y  coat t he  
a gg regate a nd a l l ows t he con c rete  to  be p l aced and  formed before coo l i ng 
a nd h a rden i n g . 
( 2 ) Co l d  m i x a s p ha l t i c p avement can  be s tored and  wor k ed at  norma l 
outdoo r temperatu res  mak i n g  i t  mo re  con ven i ent  for sma l l e r j ob s  or  whe re 
t he re i s  n ot a hot m i x p l a nt nea rby .  
( 3 ) Ta c k  coat s a re p l aced o n  o l d pavement s  p ri o r  to l ay i ng  new 
a s pha l t i c  conc ret e pavement i n  o rde r to p romot e bond i ng of t he o l d and n ew 
pavement s . 
( 4 ) P r i me coa t s  a re l i q u i d b i tum i nou s  mate r i a l s s p rayed on t he base  to  
s ea l  c ap i l a ry pores  and  b i nd t he base  and a s p ha l t pa vement toget her . 
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5 . 2 . 5  CONCRETE CURBS , GUTTERS , AND S I DEWALKS 
Conc rete c u rbs  a nd gutters serve to  keep the  veh i c l e s on the roadway , 
red u ce e nt ry of  water  i nto  t he base  and subg rade , p revent  breakage  of  the 
p avement  edge , a nd d i rect r u noff  i nto t he s tormwat er  sy stem .  
5 . 2 . 6 STREET  L IGHT I NG ( 1 6 5 50 )  
L i ght i n g  o f  c i ty s t reets a nd maj or  r u ra l  i nte rsect i on s  i s  norma l . 
Reduct i on of  ser i ou s acc i dents  i s  a n  i mportant con s i derat i on i n  the i r 
p l acement a nd con st ruct i on .  
5 . 3 D E S I G N CR I TER I A  ( 400 )  
The des i gn of  h i g hway s  and  st reet s i s ,  o f  cou rse , comp l ex to  the  extent 
t hat e n g i nee rs devot e yea rs of educat i on and  expe ri ence towa rds obt a i n i n g  
competence . Howeve r , t he p l a n n e r  s hou l d u nde rstand  seve ra l  fundame nta l s a s  
d i sc u s sed i n  s ect i on 400 of  the  MTAS s pec i f i c at i on s a nd be l ow i n  o rde r to  
more w i se l y choose  amon g v a r i ou s opt i on s . 
5 . 3 . 1  DE S I GN E L EMENTS ( 403 ) 
P l an n i n g  a head for  t he c i ty st reet system i s  i mpe rat i ve  to  foresee a nd 
p revent  p rob l ems . Each  c i ty s hou l d h ave a master  p l a n  for  i t s system that  
i nc l udes such  t h i n g s  a s  l ocat i on of  a rter i a l  and  co l l ector  s t reets at s u f­
f i c i ent i nterva l s to  red uce conges t i on , t rave l  t i mes , a nd s afety h aza rds . 
Such  p l a n s  s hou l d  be  cont i n u a l l y  rev i s ed a s  new demands  and  deve l opments  
a re s een . 
A c ri t i ca l  s tep  i n  t he p l a n n i n g  a nd des i gn p roce s s fo r a rter i a l  and  
col l ect or  s t reet s i s  t he  est i mat i on of  t ra ff i c vo l umes s i nce t h i s affect s 
t he pavement  t h i c k ne s s , p avement wi d t h , and geomet ri c l ayout of the st reet . 
Ot her  factors w i l l  gene ra l l y  gove rn t he des i g n of l oc a l  s t reet s . Traff i c 
vo l umes can  be e st i mated f rom actu a l  cou nts  o r  pub l i s hed reference s . The  
state  h i g hway depa rtment c a n  be very he l pfu l a nd may a l ready have  t ra ff i c 
p roj ect i on s  for  the  s t reet i n  quest i on .  Fo r a rt e ri a l  and  co l l ect o r  
s t reet s , con s i de rat i on m u s t  be g i ven  to  t he  heav i e r  t ra ff i c d u r i ng  ru s h  
h ou rs a nd t o  t he percent age of  heavy veh i c l es  s uch  as  t ru c k s  s i nce they have  
a g reat i mpact on  pavement  t h i c k ne s s  a nd i nt e rsect i on l ayout . In  est i ­
mat i ng fut u re t ra ff i c ,  t he gene rat i on of  new t ra ff i c mus t  be  taken  i nto 
a ccount when a maj o r  road i s  i mp roved ; g en e ra l l y  new bu s i n e s s  w i l l  l ocate  
nea r t he road  a nd thus  c reate  new t raff i c . 
S uperel e v at i on i s  the  ban k i n g  of  a cu rve so  t hat the  roadway s l a nt s  
w i t h  t h e  h i ghest  poi nt  on t h e  outs i de of t he cu rve . Supere l evat i on i s  com­
mon l y  u sed on c u rves  to he l p p revent veh i c l e s f rom l ea v i n g  the  roadway 
because o f  the i r cent ri fuga l  mot i on .  
Sa fety i s  o f  p a ramou nt  con ce rn i n  t he p l a nn i n g  and des i gn of  st reet s . 
Seve ral  gene ra l c r i te r i a f rom t he man ua l  " Re s i dent i a l  St reet s l l *  a re rep ro­
d uced h e re :  
*Se e Re f .  ( 2 ) . 
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( 1 ) 
( 2  ) 
s i v e .  
As s u re n e c e s s a ry l i g h t i n g  a l o n g  s t ree t s  a n d  wal kway s . 
Us e o f  s i g n s  s ho u l d b e  m i n i mi z ed a n d  s i g n pos t s  s h ou l d b e  u n obt r u -
( 3 )  I n fo rmat i on a l  s i g n s  s ho u l d n ot c ompete w i t h  t ra f f i c c o n t rol  s i g n s  
f o r  d r i ve r a t t e n t i on . 
( 4 ) Us e o f  b re a k - a way s t reet f u rn i t u re s h ou l d b e  c on s i d e red whe reve r 
p o s s i b l e  a nd s ho u l d b e  g ro u p ed f o r  a e s t h et i c a s  we l l a s  s a fety v a l u e s . 
( 5 ) S i g h t  d i s t a n c e s  s ho u l d  be c on s i s t e n t  w i t h  p ro b ab l e t r a f f i c s pe e d , 
t e r r a i n ,  a l i g nme n t s , a n d  c l i ma t i c  e x t remes . 
( 6 ) Se pa r a t e  p ed e s t ri a n , b i cyc l e ,  a n d  ve h i c u l a r  t ra f f i c .  
( 7 ) L i mi t t h ro u g h - t ra f f i c o n  res i de n t i a l  s t re et s . 
( 8 ) As s u re v i s i b i l i ty o f  p a rk s , pl ay a re a s , a n d  i nt e r i o r  b l o c k  open 
s pa c e s  f rom t h e s t reet . 
Ot h e r  c r i t e r i a g o v e r n  t h e  d e s i g n o f  i nt e r s ect i on s : 
( 1 ) W he n e v e r  p o s s i b l e , r e s i d e nt i a l s t reet l ay ou t s  s h ou l d b e  p l a n ne d  t o  
a vo i d f ou r- way i nt e rsec t i o n s . 
( 2 ) Re s i d e n t i a l  s t reet w i d t h s  n o rma l l y  s h o u l d b e  t he mi n i mum c o n ­
s i s t e n t  w i t h  s a fety a nd a de q u at e  f u l f i l l me n t  o f  st reet f u n ct i o n . 
P e d e s t r i a n  a c c i d e n t s  a re s omewh a t  p ropo rt i on a l  t o  s t reet c ro s s i n g t r a v e l  
d i s t a n c e . 
( 3 ) Pa ved a re a  wi t h i n t he i nt e r s e c t i o n s  s h o u l d be mi n i mi z ed . 
( 4 ) Ob l i q ue i n t e r s ec t i on s  s ho u l d b e  a v o i ded . 
( 5 ) Sa fe s i g h t  d i s t a n c e s  a t  i nt e r s e c t i on s  s h ou l d b e  a s s u red . 
( 6 ) Tu rn i n g l a n e s  at h ea v i l y  t ra v e l ed i n t e r s e ct i on s  s h ou l d be p ro v i ­
d e d . 
( 7 )  To t h e  e xt e n t  fea s i bl e ,  t h e  n umbe r o f  s t reet i n t e r s e ct i o n s  s ho u l d  
b e  m i n i mi zed . 
( 8 ) La rye c o r n e r  rad i i s ho u l d  b e  a v o i d e d . 
( 9 ) W he re v e r  p o s s i b l e ,  i nt e r s e ct i o n s  o n  c u r v e s  s ho u l d b e  a v o i d e d . 
5 . 3 . 2  P AV EME N T  C ROWN ( 404 ) 
St ree t s  a nd h i g hway s a re g e n e ra l l y  d e s i g n e d  s o  t h at t he c e n t e r o f  t h e  
p a v eme n t  i s  h i g h e r t h a n  t he e d g e s . Th i s  a r ra n g eme n t  c a u s e s  g o o d  d ra i n a ge 
o f  w at e r  o f f  t h e p a veme n t ; w i t h o u t  t h i s  d ra i n a ge , s t a nd i n g  wat e r  by 
i t s el f a nd u po n  f re e z i n g c a n  p re s e n t  s a fety p ro b l ems b e s i d e s  po s s i b l e 
d amage t o  t h e  road v i a  t he p re s s u r e s  exe rted by t h e  wat e r  w h e n  i t  f re e z e s  
i n  c ra c k s  a nd v i a s ee p a g e  t o  t he b a s e  a n d s u bg r a d e . 
5 . 3 . 3  NUMB E R  O F  LAN E S  ( 405 ) , R OADWA Y W I DTH ( 406 ) , A ND MED I ANS ( 407 ) 
T h e  n umbe r o f  l a n e s , ro adway w i d t h , a n d  med i an p re s e n c e  a f fect t he 
c a p a c i ty a nd s a f e ty o f  s t reet s a nd h i g hway s . Ob v i ou s l y ,  mo re l a n e s  c a n  
h a n d l e more t ra f f i c b u t  n ot s o  o b v i ou s  i s  t h a t  wi d e  roa d s  a n d  u s e  o f  
med i a n s  t en d  t o  i n c re a s e  c a p a c i ty b y  s e p a r a t i n g t he ve h i c l e s t h u s  ma k i n g 
t he d r i ve r fee l s a f e r  t o  go f a s t e r b e s i d es  p re v e n t i n g c o l l i s i on s . T h e  
c h o i c e  o f  s t reet w i d t h s  f o r  l oc a l  res i d e nt i a l s t reet s a re n ot c o n t rol l ed b y  
t h e t ra f f i c vol ume s o  mu c h  a s  con s i d e ra t i o n s  o f  p a rk i n g  ( o n e  o r  b o t h  s i de s ) 
a nd t h e a b i l i ty t o  a c c ommod a t e  two l a n e s  o f  t r a f f i c ( e . g .  pe rh a p s  o n l y  o n e  
l a n e  o f  t r a f f i c i s  re a l l y  n ec e s s a ry o n  s ho rt c u l -d e - s ac s  s e r v i n g  ve ry few 
h o u s e s ) . 
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5 . 3 . 4 R I GHT- O F- WAY W I DTH ( 4 1 2 )  
Ad eq u a t e  r i g h t - o f - way s ho u l d b e  p u r c h a s ed t o  a c c ommo d a t e  p ro ba b l e 
f u t u re e x p a n s i on s  o f  a rt e r i a l  s t r eet s , h owe v e r ,  l o c a l  a nd c o l l ect or s t reet s 
s h o u l d b e  d e s i g n ed s o  t h at t hey w i l l  n ot need f u t u re e x p a n s i on .  
De ve l o pme n t  u su al l y  o cc u r s  o n  a rt e r i a l  s t reet s  s o  t h a t  fa i l u re t o  p roc u re 
adeq u a t e  r i g ht - o f- way w i l l  r e s u l t i n  e xc e s s i v e  c o s t s  to pu rc h a s e  t h e  n ow 
d e v e l o p ed b u s i n e s s e s  a n d  h ou s e s . 
5 . 3 . 5  ACCOMMOD AT I ON O F  U T I L I T I E S ( 4 1 3 )  
W at e r  m a i n s  a nd sewe r s  a nd p o s s i b l y  g a s , t e l e p ho n e , a n d  e l e c t r i c i ty ,  
a re o ft e n  l a i d  n e x t  t o  o r  u nd e r n e a t h s t reet s . W h e n  p l a n n i n g  a n d  
c on s t r u ct i n g a n ew d e v e l opme n t , i t  w i l l  s a v e  p rob l ems a n d  mo n ey i f  a l l u t i ­
l i ty l oc at i on s  a re p l a n ned t o get h e r  s o  t ha t  i nt e rfe re n c e s  c a n  b e  e l i mi n at ed . 
D u r i n g c on st r u ct i on ,  s ome t ho u g h t s hou l d  be g i v e n  t o  t he l oc a l s eq u e n c e  i n  
w h i c h  t he u t i l i t i e s w i l l  b e  i n s t a l l ed .  I t  mak e s  l i t t l e s e n s e  t o  d i g u p  o n e  
u t i l i ty t o  i ns t a l l t h e n e x t ; i t  m a k e s  e ve n  l e s s  s e n s e  t o  d i g u p  n ew l y 
i n s t a l l ed p a v eme n t  t o  t h e n  l ay t he wat e r  a n d  s ewe r l i ne s . 
5 . 3 . 6 STR E ET L I GHT I NG ( 4 1 5 , s ee a l s o  s ect i o n 5 . 2 . 6 o f  t h i s  ma n u a l ) 
B re a k away l i g h t  p ol e s  h a v e  t he a d v a n t a ge t h a t  w h e n  a v eh i c l e  h i t s t h em , 
t h ey g i v e a nd d o  n ot p re s e n t  a n  i mmo v a b l e obj ect . Ho we v e r ,  i n  d en s e l y  
d e ve l o ped a re a s  t he d a n g e r  o f  t he f a l l i n g p o l e h a rm i n g  s omeone e l s e  c a n  
o u tw e i g h  t he c o n ce r n  f o r  t he mot o r i s t . 
5 . 3 . 7 PAV EME N T  D E S I G N ( 4 18 ) 
See s ec t i o n 5 . 2 . 4  o f  t h i s m a n u a l .  
5 . 3 . 8 D RA I NAG E 
Al t h o u g h  t h e re i s  n ot a s pe c i f i c s ec t i o n i n  t h e  s t ree t s p e c i f i c a t i o n s  
o n  d ra i n a ge , t h e re a re ot h e r  s ec t i on s  i n  t h e  MTAS s p ec i f i c a t i o n s  devoted t o  
d r a i n a ge . Th e p o i n t  t o  be made h e r e i s  t h a t  d r a i n a g e  i s  ve ry i mport a n t  t o  
s t reet a nd h i g hw ay d e s i g n  i n  o rde r t o  p re v e n t  p u dd l e s  f o rm i n g  o n  t he roa d ­
way s u r f a c e  w h i c h  w i l l n ot d ra i n a nd a l s o  p re v e n t  t h e  fl ow of r a i n swol l e n 
c re e k s  ove r t he roadway ; b r i d g e s  a nd c u l v e rt s  mu s t  be o f  a d eq u ate s i z e t o  
p re c l u de t h i s .  Al so , a l l p a rt s  o f  t he p a v ement s u r f a c e  mu s t  e v e n t u a l l y  
d ra i n s o  t ha t  wat e r  d oe s  n ot s t a n d  o n  t he p a v eme nt u nt i l i t  e v a p o ra t e s . 
I f  t h i s l at t e r  p o i n t  i s  n ot p ro v i ded , t h e  s t reet w i l l  g ra d u a l l y  d et e ri o r a t e  
a t  t h at l oc a t i on b ec a u s e o f  f re e z e- t haw a c t i o n  a n d  o r  s ee p a g e  o f  wat e r  t o  
t he s u bg rade w h i c h  may wea k e n  t h e s u b g rade . 
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5 . 4 C H E C K L I ST 
Sect i on 1 of t h i s manua l  g i ves  a gene ral  l i s t  of  t h i n g s  to check  for  
i n  o ve rsee i n g  a wate r , s ewe r ,  d ra i na ge , or  s t reet p roj ect . The  chec k l i s t 
b e l ow i n c l u d e s  add i t i on a l  po i n t s  s pec i f i c  to  s t reet : 
( 1 ) Do t he p ro posed s t reet s f i t i n  wi th  t he  o ve ra l l c i ty t ra n s p o r­
t at i on p l a n ?  W i l l t he p re s ent  s t reet s a nd i nte rsect i on s  nea r t h e  dev e l o p ­
ment  be  a bl e t o  h and l e t he i nc reased t raff i c ?  
( 2 ) 00 t he p l a n s and  s pec i f i cat i on s meet those  of t he MTAS s pec i f i ca­
t i o n s  e s pec i a l l y  s ect i on s  0 22 1 5 , 0 24 5 1 , 0 24 5 2 , 0 25 1 3 , 0 25 1 5 ,  0 2 5 28 ,  0 25 7 7 , 
a nd 1 6 5 50? Is a m i n i mum 29 f oot w i de roadway u sed as per  sect i on 406? 
( 3 ) Do t he s t reet s i nc l ude  cu rb and gutte r?  
( 4 ) W i l l  t he re be e nough  r i ght -o f-way for  futu re expans i o n s  on co l l ec­
t or a nd a rt e r i a l  s t reet s?  
( 5 ) I s  adequate  d ra i nage p rov i ded a s  per  s ect i on 5 . 3 . 8 o f  th i s manua l ? 
( 6 ) W ho w i l l  be respon s i b l e for  i n spect i on d u ri n g  const ruct i on 
i nc l ud i n g re v i ew of  mate r i a l s t es t i n g?  
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